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—— honor done me in being asked to 
give the Caldwell Lecture before this 
Society is three-fold. First, | am not a 
roentgenologist, and hence to be asked to 
address a group of individuals so eminent 
in this field is an unusual tribute. Second, 
the career of the man in whose memory the 
lectureship is named was such that to be a 
guest speaker is a recognition of scientific 
accomplishment. And lastly, the willing- 
ness of this Society to hear a consideration 
of the physiological aspects of cancer is an 
indication of the importance of those as- 
pects and of their application to our under- 
standing of neoplastic growth. 

It has seemed wise to confine this presen- 
tation to a consideration of the evidence 
which concerns the relationship of sex 
hormones to cancer. This is, of course, only 
one aspect of modern developments in the 
study of neoplasms, but one so important, 
and to which radiology has added so much, 
that it should be of vital interest to this 
group. 

The phenomenal increase in knowledge 
concerning the biological effects of the sex 
hormones has raised, in recent years, very 
important questions concerning the pos- 
sibility of their participation in the causa- 


tion of cancer. It is desirable, at this time, 
to review the evidence which has been 
advanced in justification of these questions. 
This should be done in order to ascertain 
if possible (1) whether sex hormones play 
any role in the etiology of cancer in man, 
and (2) whether the induction of a hormone 
imbalance is at all useful in the treatment 
of any neoplasm. 

It is clearly understood that the primary 
interest of physicians is in the problem of 
cancer in human beings. Apart from eso- 
teric interest, investigative work in the 
cancer field is only important if it bears 
directly on that problem. As concerns the 
topic under discussion, however, experi- 
ments on animals provide so great a 
scientific background that it is neither just 
nor feasible to omit a discussion of them. 

The first major step in the development 
of our knowledge concerning breast cancer 
came with studies of the genetics of that 
disease in mice. Through the work of a 
number of laboratories, notably those of 
Slye, of Little, and of Lynch, pure strains 
of mice were developed by persistent close 
inbreeding. After a given number of genera- 
tions of such genetic control the animals 
become chromosomally identical and are 
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known as homozygous. Their various 
physical traits can be expected to be re- 
produced regularly in their descendants. 
Whereas “sports” of different character- 
istics occasionally occur, in general the 
physical traits are remarkably constant. 
By these methods certain pure strains are 
established in which all the females, or a 
very large number of them, will spontane- 
ously develop breast cancer. The disease is 
not identical in all respects with breast 
cancer in man, but it is a malignant neo- 
plasm of the breast;it metastasizes, and kills 
the animal. For these reasons it serves as a 
very useful tool. Other strains of mice have 
been bred which never or very rarely 
develop mammary neoplasms. Pure strains 
of mice in which the expected susceptibility 
to spontaneous mammary cancer is known 
obviously provide for the worker in cancer 
research a tool as precise as are pure 
substances for the worker in the chemical 
laboratory. 

It is commonly supposed that the genetic 
characteristic of suceptibility to mammary 
cancer in mice remains constant as long as 
the strain is kept pure. Only one serious 
question can be raised concerning this 
assumption. Bagg* has reported that he 
could increase very greatly the incidence of 
breast cancer in a pure strain of mice which 
normally have a low incidence of that dis- 
ease. This was done by breeding the ani- 
mals very rapidly and removing the young 
without allowing the mothers an oppor- 
tunity to nurse. This obviously, however, 
does not alter seriously the basic premise 
that, under standard conditions, the ex- 
pected rate of breast cancer in pure strains 
of mice can be predicted very accurately. 

It is, of course, a matter of great interest 
to ascertain whether the anatomical struc- 
tures in the breast of low-breast-cancer- 
incidence mice differ in any way from those 
of the high-cancer-incidence strain. Tay- 
lor?® and Gardner, Smith and Strong“ have 
examined the facts concerning this point. 
There does appear to be a real difference. 
In the cancer-resistant or low-incidence 
strain C57, very slight development of acini 


C. P. Rhoads 


Marcu, 1943 


is seen on the simple duct system of the 
resting breast. In the DbA, or high-inci- 
dence mice, myriad buds of epithelial cells 
are seen in the duct system even in the 
resting breast. As will be shown later, it is 
these acini which develop into masses of 
cells and under proper stimuli become 
transformed eventually into cancer cells. 

As stated previously, the susceptibility 
to breast cancer in mice is clearly heredi- 
tary. More detailed studies, however, par- 
ticularly those of Little®* and his co-worker, 
Murray, proved clearly that the trait was 
not inherited as a simple Mendelian dom- 
inant. This became so clear that geneticists 
began to speak of the “‘extra-chromosomal 
genetic factor.” Further studies showed 
that this factor was transmitted by the 
maternal parent. For example, if a female 
mouse of a high cancer strain was bred to 
a male mouse of a low cancer strain, the 
offspring had a high incidence of cancer. 
Conversely, if a female of a low cancer 
strain was bred to a male of high cancer 
strain, the offspring had a low incidence 
of cancer. Were the inheritance of the 
tendency to mammary cancer one which 
proceeded by the Mendelian law, the off- 
spring of such crosses would be expected to 
have an intermediate incidence. This was 
not the case, but rather the genetic consti- 
tution of the mother seemed to exert the 
predominant influence. 

This led to a most interesting and dra- 
matic experiment. Bittner,‘ of Little’s labor- 
atory, foster-nursed mice born of a high 
cancer strain on mothers of a low cancer 
strain. If this foster nursing took place in 
the first twenty-four hours of the life of the 
infant mouse, the animal, in spite of its 
heredity, had a low incidence of cancer. In 
other words, in order that mice have a high 
incidence of breast cancer, they must 
be nursed by mothers of a high-incidence 
strain, quite independent of their in- 
herited chromosomal pattern. This was 
a fundamental observation of the great- 
est importance. At first Bittner did not 
believe that the converse held; that is, 


that young mice of a low-incidence strain 
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would develop a high incidence of breast 
cancer if foster-nursed on high-incidence 
mothers. More recently, however, Ander- 
vont,! of the National Cancer Institute, has 
shown that if new-born mice of three low- 
incidence strains are foster-nursed by mice 
of strain C3H with a very high incidence 
of breast cancer, the incidence of the dis- 
ease in the fostered animals can be raised 
from © to approximately 15 per cent. 

Important as is the milk principle, so- 
called, transferred by the nursing mother 
to the young, it is not the only factor con- 
cerned in the inheritance of the tendency 
toward breast cancer in mice. Furthermore, 
the milk influence does not seem to bear on 
other forms of mouse cancer. Hence, the 
genetic work may be summed up in the 
statement that the tendency to breast 
cancer in mice depends upon two factors, 
one inherited and one contained in the 
maternal milk, and is associated with 
anatomical characteristics of the affected 
organ. 

The next important development in our 
knowledge of experimental mammary can- 
cer concerned the participation of endo- 
crine function. This was originally sug- 
gested by the observation that the inci- 
dence of the disease was much higher in 
breeding mice than in virgin animals. This 
led Lathrop and Loeb,” and later Cori,’ to 
examine the effect of removal of the ovary 
in mice of a high-incidence strain. It was 
found that oophorectomy early in life 
regularly prevented the development of 
breast cancer. Non-breeding control mice 
of the same strain had an incidence of 78.5 
per cent. If the operation was done at 
between two and three months of age, the 
incidence of cancer was reduced, but the 
disorder was not eliminated entirely. It 
was also clear that the ovarian effect 
applied only to genital cancer, since certain 
of the animals developed neoplasms of 
tissue other than the breast. From the 
studies of ovarian removal, it was clear 
that some secretion of that organ played a 
significant etiological réle in the cause of 
mammary cancer. 
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The next experiment followed naturally. 
If removal of the ovary with consequent 
loss of its hormonal secretion inhibited 
breast cancer in genetically highly suscep- 
tible animals, it was reasonable to try the 
effect of transplanting ovarian tissue into 
castrated male mice of a strain of which the 
females show a high incidence of breast 
cancer. This was done by Murray, and after 
some preliminary failures was successful. 
Breast cancer occurred in the male animals. 

At about this time it became clear that 
ovarian function is under the control of the 
anterior pituitary gland. If the pituitary 
was removed, the ovary atrophied, and if 
fragments of pituitary were transplanted 
into closely related animals, the ovary was 
stimulated into excessive activity.% This 
led logically to the next experiment in the 
series: the transplantation of anterior 
pituitary into female mice of a high-cancer- 
incidence strain. When this was done, 
cancer occurred more frequently and earlier 
than in control animals. This effect only 
occurred, however, if the ovary was pres- 
ent. 

In view of the successful experiments in 
which pituitary gland was transplanted, it 
was reasonable to try the converse: abla- 
tion of the pituitary in animals of a high- 
cancer-incidence strain. This, of course, 
cannot be done in very young animals, but 
if the operation is performed on adult mice, 
breast atrophy occurs; but the occurrence 
and growth of breast cancer is not in- 
hibited.” This is difficult to understand 
except on the basis that the primary can- 
cer-producing effect of the ovary under 
pituitary control has occurred before the 
pituitary can be removed. In other words, 
once the animal is of a suitable size for 
pituitary ablation, the damage which re- 
sults in breast cancer has already been 
done. 

Some years after the original experiments 
on ovarian removal and transplantation, 
Doisy, Thayer and Van Bruggen® published 
their classic experiments on the isolation in 
pure form of the effective principles of 
ovarian tissue. Three of these are now 
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known: estrone, estriol and estradiol. All of 
these are effective in inducing the develop- 
ment of secondary sexual characteristics in 
animals and, of course, are in common 
clinical use under various trade names. 
Once adequate quantities were available, 
it was reasonable to treat with them male 
mice of strains in which the females had a 
high incidence of cancer. This was done 
originally by Lacassagne,* and striking 
success was attained, but only in males of 
a high-cancer-incidence strain. No amount 
of treatment of males was effective if they 
were of strains of which the females nor- 
mally would not develop breast cancer. 
This type of study has been confirmed and 
extended by Gardner. Of course, by the 
term “strain” is meant an animal bred from 
and nursed by mothers of the same strain. 
This is an important point because 
Twombly has proved that male mice of a 
strain which never develops breast cancer, 
foster-nursed on high-cancer-incidence 
mothers and then treated with pure female 
hormone, will develop breast cancer. 
Examination of the effects of the injec- 
tion of pure female hormone on the struc- 
ture of breast tissue of male mice of low- 
and high-cancer-incidence strains is very 
interesting. This has been done by Taylor.*® 
Thirty-seven thousand units of estrone 
given to a male mouse of a low-breast-can- 
cer-incidence strain gives absolutely no 
morphological alteration of the breast 
structure. One-tenth this amount adminis- 
tered to a male mouse of a high-cancer- 
incidence strain gives very striking prolifer- 
ation of the acini, with the formation of 
enormous numbers of buds of epithelial 
cells. It is quite apparent that the breast 
tissue of the two strains reacts entirely 
differently to female hormone. It must be 
said, however, that the clear-cut genetic 
difference may not apply to animals other 
than the mouse, since Geschickter appears 
to have evidence that the administration 
of estrogenic hormcne to rats will cause 
breast cancer regularly and these animals 
never develop the disease. In the rat the 
pituitary gland is apparently required for 
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the cancer producing effect of female hor- 
mone, since the tumor does not occur if the 
pituitary is removed surgically. Similar ex- 
periments have not been done with mice. 

The clarity of the results concerning 
ovarian function as a cause of breast cancer 
led, of course, to the thought that inhibi- 
tion of ovarian secretion or the antagoniz- 
ing of that secretion by male hormone 
administration should inhibit the develop- 
ment of breast cancer. For this reason, the 
experiment was tried of administering tes- 
tosterone to female mice of a high-breast- 
cancer-incidence strain. This was done by 
Lacassagne,” and also by Nathanson and 
Andervont.”” It was partially successful 
inasmuch as, if the male hormone is given 
early in the life of the animal, breast cancer 
does not occur. This is not true, however, 
later in life, when male hormone adminis- 
tration seems to have little or no effect. 

Now all this information can be summed 
up by the statement that spontaneous 
breast cancer in mice is caused by ovarian 
secretion (estrogen) given off rhythmically 
under pituitary control in mice predisposed 
to this disease hereditarily and by nursing. 
This is so clear that attempts have been 
made to correlate the tendency to breast 
cancer with sexual rhythm (Bonser*), the 
ability of the animal to destroy estrogens 
(Taylor and Twombly*’), and the mor- 
phology of the glands of internal secretion 
such as ovary and adrenal* (Taylor, Gard- 
ner). Unfortunately, no absolute correla- 
tion has been proved to exist. 

The fact should be noted, if only in pass- 
ing, that breast cancer is not the only 
malignant neoplasm which can be caused 
in mice by the administration of pure ova- 
rian secretion. In the hands of Gardner” 
and his co-workers, leukemia and cancer of 
the cervix have also resulted. Lipschiitz 
and Iglesias™* have proved that fibromas of 
the uterus and adnexa can be caused 
similarly in the guinea pig. 

The certainty that ovarian secretion is 
concerned with the production of genital 
tumors in mice and other animals has, of 
course, led to a great deal of speculation as 
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to whether estrogenic substance has to do 
with the etiology of cancer in man. Since 
estrogens are administered frequently to a 
very large number of individuals and often 
in large amounts, we would suppose that, 
were they etiological, evidence of this fact 
would have been obtained by now. There 
is no clear-cut evidence. One case has been 
reported by Auchincloss and Haagensen? in 
which breast cancer certainly followed the 
administration of considerable amounts of 
estrogenic substance. The patient gave no 
suggestion of the presence of breast cancer 
before the treatment was begun. On the 
other hand, there was a strong history of 
mammary cancer in the patient’s family, 
and if the occurrence of that disease was 
more than coincidental many instances 
would be expected to have occurred. They 
cannot be found, even though very careful 
surveys have been made. 

The fact should be recalled that the 
amount of estrogenic substance given to 
mice in order to induce breast cancer is 
enormously greater than would ever be 
given to human beings. On the other hand, 
estrogens, when administered to monkeys 
and to rabbits in very large amounts, have 
not given rise to breast cancer. It seems 
probable that etiologically, at least, breast 
cancer in human beings is not caused by 
the administration of any pure substance 
which so far has been isolated from ovarian 
tissue. This is probably equally true of can- 
cer of the uterus and cervix. Here, again, 
the disease, or anything simulating it 
closely, has never been produced in man or 
in primates, even though very large 
amounts of material have been given. 

There is, on the other hand, some sug- 
gestion that estrogenic substances may 
play some rdle in the control of the rate of 
growth of breast cancer which has occurred 
spontaneously in human beings. This evi- 
dence first developed many years ago with 
the observation that oophorectomy in 
women with breast cancer was followed in 
some instances by rather striking, though 
temporary, regression of the disease. Since 
consistent results were not obtained, the 
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procedure was abandoned. Later on, how- 
ever, Dresser!’ studied the effect of inhibi- 
tion of ovarian activity by roentgen 
irradiation in women with extensive me- 
tastasizing breast cancer. He felt that in 
about one-third of the patients treated 
while still of the menstruating age, very 
definite temporary regressions occurred, 
which would not have been expected to 
develop spontaneously. Some time later 
Taylor,”* from the same clinic, reported 
similar observations, although he was even 
more certain than Dresser that little benefit 
was to be obtained by roentgen irradiation 
of the ovaries in women past the meno- 
pause. Nearly every clinic which treats 
patients with breast cancer has one or more 
examples of this phenomenon, a strong 
suggestion that in certain instances the 
removal of ovarian secretion is associated 
with a temporary cessation of growth of the 
tumor. 

‘The experiments described were so strik- 
ing, though irregular, that Farrow and 
Woodard" of the Memorial Hospital, were 
led to study the effect of the administration 
of male hormone on women with breast 
cancer metastatic to bone. They noted that 
pain appeared to be somewhat relieved, but 
on closer analysis discovered that the tumor 
appeared to extend more rapidly than if 
the testosterone were not administered. It 
was then observed that when male hor- 
mone, testosterone, or female hormone, 
estradiol, was administered to women with 
breast cancer metastatic to bone, the treat- 
ment was followed promptly by a striking 
rise in the levels of serum calcium. This was 
followed by a rise in serum phosphatase 
and by an increased output of calcium in 
the urine. The mechanism was quickly ap- 
parent. Either of the sex hormone sterols, 
estrone or testosterone, caused withdrawal 
of calcium from bone with resultant high 
serum levels of calcium and the loss of that 
mineral in the urine. This induced damage 
to bone was followed by attempted repair 
reflected by the increased. phosphatase 
levels. When the same materials were ad- 
ministered to women with extensive breast 
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cancer not present in bone, no such effect 
was obtained. Furthermore, the effect, 
when attained, was associated with roent- 
genological evidence of extremely rapid 
extension of the neoplasm contained in the 
bony structures. It was perfectly apparent 
what was happening, since the results were 
open to only one explanation. The sex 
steroids stimulated enormously the rate of 
growth of the breast cancer tissue present 
in the bone, and this accelerated rate could 
be measured by the speed with which the 
tumor drove calcium out of the bone as well 
as by the speed with which bone destruc- 
tion increased. These observations were 
clear-cut and led to an even more striking 
study. Two male patients with spontaneous 
breast cancer were at hand. In one of these 
the same experiment was tried as had been 
made with the women. An exactly similar 
effect was obtained. In the other, however, 
castration was done to remove one source, 
at least, of sterolic hormone. This patient 
has now been observed for a number of 
months, and the results have been dramatic. 
The tumor of the breast has almost com- 
pletely disappeared and very striking heal- 
ing of the areas of destruction due to the 
presence of cancer in the bone have taken 
place, exactly the reverse effect from that 
which would be expected to follow the ad- 
ministration of increased amounts of sex 
steroid. 

More observations are, of course, re- 
quired. We can only state at present that 
the removal of ovarian secretion does bene- 
fit certain patients with breast cancer, and 
that the administration of that secretion 
tends to make the disease much worse. This 
appears to hold for either sex. 

The evidence which has been presented 
concerning the possible participation of 
female sex hormone (the estrogens) in the 
cause of genital cancer in man and animals 
is supported by more recent observations 
concerning cancer of the prostate gland. 
The fact should be recalled at the outset 
of a discussion of this topic that shortly 
after the discovery by Doisy of the crystal- 
line compounds responsible for the control 
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by the ovaries of secondary sexual charac- 
teristics, workers of the Swiss school, not- 
ably Reichstein and Butenandt, isolated 
from testicular tissue a sterolic compound 
called testosterone, with which male char- 
acteristics could be produced in castrated 
animals. A comparison of the formula of 
testosterone with those of the estrogenic 
substances reveals a striking similarity. 
Moreover, the fact should be recalled that 
all of the sex hormones so far described are 
chemically extraordinarily like the cancer- 
producing hydrocarbons which have been 
isolated from tar. 

The first step in our knowledge of the 
effect of male hormone, testosterone, on 
the activity of the cells of the prostate 
gland came with the observation of Ku- 
tscher and Wolbergs”’ that an enzyme cap- 
able of breaking down beta-glycerophos- 
phate at an acid reaction (pH 5) was 
present in adult human and monkey pro- 
static tissue. The fact had been known for a 
long time that human and animal serum 
contained a phosphatase which was active 
on the alkaline side, but this was the first 
demonstration of an acid phosphatase. 
Alkaline phosphatase had been shown by a 
number of workers to increase in amount 
whenever the process of bone repair was in 
progress, the enzyme being called upon to 
make available phosphate deposition in 
bone structure as calcium phosphate. 
Shortly after Kutscher and Wolbergs’®’ 
observation on acid phosphatase, Gutman 
and Gutman took up the study of that 
enzyme and showed that the prostatic 
tissue of infants contained very small 
amounts, but that as adult life was ap- 
proached the activity of the enzyme in- 
creased. This, of course, provided the sug- 
gestion that the maturity of prostatic tis- 
sue could be correlated with the amount of 
acid phosphatase present in it. Somewhat 
later, Gutman and Gutman" showed that 
the small amounts of acid phosphatase 
present in the prostate glands of immature 
monkeys could be increased regularly by 
the administration of androgenic substance 
(testosterone), but no such effect followed 
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the administration of estrogenic substance. 
This observation substantiated previous 
studies, of which the results indicated that 
the immature prostate could be rendered 
mature by the use of androgens but not by 
the use of estrogens. Indeed, ample evi- 
dence was at hand that female hormone 
could render atrophic the prostate gland of 
animals in which, under the natural andro- 
genic stimulation, it had reached normal 
size. 

The close correlation between tissue acid 
phosphatase content and the amount of 
mature prostatic epithelium present sug- 
gested that in patients with widely dis- 
seminated prostatic cancer acid phospha- 
tase might be present in the serum. This 
was found to be the case by Gutman and 
Gutman’? and by Woodard and Higin- 
botham.** Moreover, the amount of met- 
astatic prostatic cancer tissue could be 
correlated closely with the amount of acid 
phosphatase present in the serum. In other 
words, the greater the increase of the en- 
zyme, the greater the metastatic involve- 
ment. The close correlation between acid 
phosphatase levels and the amount of 
prostatic cancer tissue available outside of 
the prostatic capsule suggested promptly 
that the level of acid phosphatase could be 
used as an accurate index of the effect of 
various procedures on the rate of growth 
and extension of prostatic cancer. 

Huggins, in a consideration of methods 
for the treatment of benign prostatic hyper- 
trophy, encountered the papers of White® 
and of Cabot.® These authors had reported 
many years ago that castration was fol- 
lowed by a decrease in the size of benign 
hypertrophied prostates in human beings. 
The procedure had fallen into disuse, how- 
ever, and had been forgotten. Huggins and 
Clark,'* by the use of extraordinarily in- 
genious experimental techniques, reopened 
the subject. In one set of experiments they 
isolated the prostate in dogs from the blad- 
der and set up an arrangement whereby all 
of the prostatic secretion could be collected 
and measured. The rate of secretion pro- 
vided a direct index of the effect of the ad- 
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ministration of compounds on the secretory 
activity of the canine prostatic tissue. By 
the use of this technique they were able to 
show that prostatic secretion could be 
maintained in the castrated dog by the 
regular administration of testosterone pro- 
pionate in amounts of 10 mg. daily. If, in 
the face of this constant administration of 
androgenic substance, stilbestrol was given, 
the prostatic secretory activity promptly 
dropped to zero. As the dose of female hor- 
mone was decreased the secretory activity 
slowly returned, only to be depressed again 
when a given level of female hormone was 
exceeded. This experiment, more than any 
other, provided convincing proof that the 
activity of the prostatic epithelium is com- 
pletely under the control of the sterolic sex 
hormones. 

Huggins also found that in the senile dog 
a benign cystic adenomatous hyperplasia 
of the prostate gland was not infrequently 
encountered. Whereas the prostate in the 
young normal dog rarely weighs more than 
10 gm., glands which are the site of senile 
canine adenomatous hyperplasia often 
weigh as much as 50 to 150 gm. This type 
of disorder is not known to occur in any 
other species than the dog. Huggins as- 
sumed that it is the analogue of benign 
prostatic hypertrophy in man. He then re. 
peated on senile dogs which were the 
subject of such a benign hyperplasia the 
experiments described on animals with 
normal prostates. As was the case with the 
normal gland, the administration of andro- 
gens increased the secretion of the hyper- 
trophied organ and estrogen decreased the 
rate of cellular activity. Like the effect 
which followed the administration of estro- 
gens, castration decreased secretion and 
was followed by very marked atrophy. 

The results of these experiments set the 
stage for a trial on the cancerous prostate 
of the procedures which appeared to be 
effective in reducing the size of the benign 
adenomatous organ. As previously men- 
tioned, an index of effect was at hand in the 
levels of the phosphatase in the serum of 
the patient affected with metastatic pro- 
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static cancer. Phosphatase measurements 
could be substituted for the measurements 
of prostatic secretory rate used in the ex 


perimental animal. If the serum levels of 


acid phosphatase increased, an increased 
activity of the metastatic prostatic tissue 
could be assumed. If the serum acid phos- 
phatase level decreased, a decrease in rate 
of growth and activity of the prostatic can- 
cer would be indicated. Similarly, if the 
serum alkaline phosphatase rose, it would 
be a sign of an increased rate of bone repair, 
as opposed to a diminution in repair proc- 
esses if the alkaline enzyme became less. 
Testosterone propionate was then given 
to 3 patients with extensive bone metas- 
tases from prostatic cancer.'* A prompt rise 
occurred in the serum acid phosphatase in 
all 3 instances. From this observation it 
seemed clear that the disease had been 
made worse by an increase in the amount 
of available androgenic material. Con- 
versely, when the patients were castrated, 
a procedure which supposedly was followed 
by a decrease in the amount of available 
androgens, the acid phosphatase dropped 
and stayed at low levels, whereas the alka- 
line phosphatase increased as an index of 
an increased rate of repair of the bone in- 
vaded by the metastasizing tumor. This 
effect was obtained so regularly that it 
seemed safe to conclude that castration 
resulted in a striking decrease in the activ- 
ity of the metastatic prostatic tissue. This 
was associated, moreover, with a marked 
diminution of pain, decrease in size of pri- 
mary and metastatic lesions, gain in 
appetite and sense of well-being, increase 
in blocd levels, gain in weight and in some 


instances roentgenographic evidence of 


healing of bone lesions. Moreover, the ad- 
ministration of estrogenic substance effect- 
ing essentially a chemical castration was 
followed by equally good therapeutic re- 
sults. 

In Huggins’ most recent publication, he 
reports a considerable number of patients 
who, following castration, have remained 
free of disease for over thirty months. 


Abcut 25 per cent of his patients were not 
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benefited, or were better for only a short 
time. In 5, whereas the primary tumor ap- 
peared to decrease in size, the metastatic 
lesions grew rapidly and were clearly quite 
out of control of the hormone effect. At the 
Memorial Hespital, Dean, Twombly and 
Woodard have examined the results of 
surgical castration in 45 patients and of 
chemical castration by stilbestrol adminis- 
tration in 12 more. Results have been ob- 
tained which parallel closely those reported 
by Huggins, although the patients have 
been followed for a much briefer time. 
Sharp decreases in levels of acid phospha- 
tase, with subsequent increases in levels of 
alkaline phosphatase, have been caused 
quite regularly. In only a small number of 
patients, however, have striking changes 
in the extent of the primary or metastatic 
neoplasms been observed. The systemic 
effects have been quite as dramatic as those 
reported by other observers. At the present 
time, roughly 75 per cent of the patients 
treated are in relatively good condition. 
Twenty-five per cent either have died or 
are the subjects of recurrences. 

On these patients careful determinations 
of the rate of excretion of androgens as 
measured by the output of 17-keto-steroids 
have been made concurrently with meas- 
urements of the output of estrogens by 
the biological assay method. Following 
castration, Dean and Twombly report, 
surprisingly enough, a rise in the output of 
androgens measured as neutral 17-keto- 
steroids (11 out of 17 instances). A similarly 
unexpected finding was a fall in estrogen 
output in almost every case (15 out of 16 
examined). The fall was marked and 
averaged more than half of the preopera- 
tive level (18.8 m.u. to 8.5 m.u.). No expla- 
nation is now at hand which is sufficient to 
clarify the apparently anomalous result. 
Certainly an increased androgen output 
with a decreased estrogen output would not 
be expected to follow removal of a gland, 
the testicle, supposedly the source only of 
androgenic material. 

Even more striking is the result on the 
rate of hormone excretion which Dean* and 
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his associates have found to follow the 
therapeutic administration of stilbestrol. 
Following the use of this compound, the 
clinical results are quite as good, if not bet- 
ter, than those which are a sequel to castra- 
tion. After stilbestrol, in the 7 cases exam- 
ined, the output of androgenic substance, 
as indicated by the 17-keto-steroid level, 
fell in every instance. This was in sharp 
contrast to the rise in the same component 
of the urine observed to follow castration. 
Equally anomalous are the findings as con- 
cern the output of pituitary gonadotropie 
hormone in the urine of the treated patients. 
Following castration, the amount of this 
hormone rose in I! out of 16 instances, a 
finding which would be expected. After the 
administration of  stilbestrol, however, 
there is a tendency to a fall. It is quite ap- 
parent that, chemically, castration is at- 
tended by quite different sequelae than is 
the administration of stilbestrol. The bio- 
logical effect upon prostatic tissue appears 
to be similar. No adequate explanation of 
this interesting finding is now at hand. It 
can only be assumed that the therapeutic 
value of either procedure depends upon the 
feminization of the patient, and the more 
specific details of this action must await 
further study. 

I have reviewed for you the salient ex- 
perimental and clinical facts which bear at 
the present time on the question of the réle 
of sex hormones in the production of cancer 
of the genitalia. It is clear that no etio- 
logical relationship can be clearly estab- 
lished in man between cancer and these 
important chemicals which we call endo- 
crine secretions. The fact is equally clear, 
in my opinion, that sex hormones do have 
some influence on acceleration and retarda- 
tion of the rate of growth of mammary and 
prostatic cancer. Even though we do not 
see, at the moment, the possibility of com- 
pletely curative results to be obtained by 
the induction of a hormone imbalance in 
patients bearing genital cancer, the infor- 
mation which has been developed through 
patient, precise and ingenious animal and 
human studies has advanced enormously 
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our knowledge of this difficult, indeed 
terrible, disorder. It is not too much to hope 
that equally patient and painstaking ad- 
vances in the future will reveal even more 
significant information which will, in time, 
lead us to better understanding of the 
nature of the malignant neoplasm. 


REFERENCES 


1. Anpervont, H. B., The influence of foster nurs- 
ing upon the incidence of spontaneous mam- 
mary cancer in resistant and susceptible mice. 
Nat. Cancer Inst., 1940, 1, 147-153. 

2. Aucuincioss, H., and Haacensen, C. D. Can- 
cer of the breast possibly induced by estrogenic 
substance. dm. M. Ass., 1940, 174, 1§17- 
1523. 

3. Baca, H. J. Further studies on the relation of 
functional activity to mammary carcinoma in 
mice. 4m. F. Cancer, 1936, 27, 542-550. 

4. Brrrner, J. J. Breast cancer in mice as influenced 
by nursing. 7. Nat. Cancer Inst., 1940, 7, 
155-168. 

5. Bonser, G. M. A comparison of the normal 
oestrous cycle and of the response to the ad- 
ministration of oestrin in two strains of mice 
differing greatly in incidence of spontaneous 
mammary cancer. F. Path. & Bact., 1935, 41, 
33-42. 

6. Casort, A. T. The question of castration for en- 
larged prostate. 4nn. Surg., 1896, 24, 265. 

7. Cori, C. F. Influence of ovariectomy on the 
spontaneous occurrence of mammary carci- 
nomas in mice. 7. Exper. Med., 1927, 45, 
983-991. 

8. Dean, A., Wooparp, H. Q., and Twomsty, 
G. H. Endocrinologic treatment of prostatic 
cancer. In press. 

g. Doisy, E. A., THayer, S. A., and Van Bruccen, 
J. T. Metabolism of the estrogens. Federation 
Proceedings, 1942, 1, 202-207. 

10. Dresser, R. The effect of ovarian irradiation on 
the bone metastases of cancer of the breast. 
Am. J. Roenrcenot. & Rap, THERAPY, 1936, 
35; 384-388. 

11. Farrow, J. H., and Wooparp, H. Q. Influence 
of androgenic and estrogenic substances on the 
serum calcium in cases of skeletal metastases 
from mammary cancer. 7. 4m. M. Ass., 1942, 
118, 339-343. 

12. Garpner, W. U. Persistence and growth of 
spontaneous mammary tumors and hyperplas- 
tic nodules in hypophysectomized mice. Can- 
cer Research, 1942, 2, 476-488. 

13. Garpner, W. U., KirscupaumM, A., and Strone, 
L. C. Lymphoid tumors in mice receiving es- 
trogens. Arch. Path., 1940, 29, 1-7. 


> 
t 
- 
| 
i 
- 
is 
7 
> 


298 


14. 


to 
te 


. Hugains, C 


Garpner, W. U., Smirn, G. M., and Strona, 
L. C. Stimulation of abnormal mammary 
growth by large amounts of estrogenic hor- 
mone. Proc. Soc. Exper. Biol. &? Med., 1935, 
33; 148-150. 


. Gutman, A. B., and Gutman, E. B. “Acid” 


phosphatase and functional activity of the 
prostate (man) and preputial glands (rat). 
Proc. Soc. Exper. Biol. & Med., 1938, 39, 
§29-5$32. 


. Gutman, A. B., and Gutman, E. B. Adult phos- 


phatase levels in prepubertal rhesus prostate 
tissue after testosterone propionate. Proc. Soc. 
Exper. Biol. & Med., 1939, 47 281. 


97°75 


. Gutman, A. B., and Gutman, E. B. An “Acid” 


phosphatase occurring in the serum of pa- 
tients with metastasizing carcinoma of the 
prostate gland. ‘7. Clin. Investigation, 1938, 17, 
473-478. 


. Huceins, C., and Crark, P. J. Quantitative 


studies of prostatic secretion. 11. The effect of 

castration and of estrogen injection on the nor- 

mal and on the hyperplastic prostate glands of 

dogs. ‘7. Exper. Med., 1940, 72, 747-762. 

., and Hopnces, C. V. Studies on 
prostatic cancer. 1. Effect of castration, of es- 
trogen and of androgen injection on serum 
phosphatases in metastatic carcinoma of the 
prostate. Cancer Research, 1941, 7, 293-297. 

Kutscuer, W., and Woxsercs, H. Prostata- 
phosphatase. Zéschr. f. physiol. Chem., 1935, 
236, 237-240. 


. Lacassacne, A. Apparition d’adénocarcinomes 


mammaires chez des souris mAles traitées par 
une substance oestrogéne synthétique. Compt. 
rend. Soc. de biol., 1938, 129, 641-643. 


. Lacassacne, A. Relationship of hormones and 


mammary adenocarcinoma in the mouse. 4m. 
J. Cancer, 1939, 37, 414-424. 


. Laturop, A. E. C., and Logs, L. Further inves- 


24 


C. P. Rhoads 


Marcu, 1943 


tigation on the origin of tumors. ¥. Med. Re- 
search, 1919, 40, 477-496. 

Lipscni'rz, A., and Iciesias, R. Multiples tu- 
meurs utérines et extragénitales provoquées 
par le benzoate d’oestradiol. Compt. rend. Soc. 
de biol., 1938, 129, §19-524. 


. Logs, L., and Kirtrz, M. M. The effects of trans- 


29. 


o>) 


plants of anterior lobes of the hypophysis on 
the growth of the mammary gland and on the 
development of mammary gland carcinoma in 
various strains of mice. 4m. ¥. Cancer, 1939, 
30, 56-82. 

Murray, W.S., and Lirtce, C. C. The genetics 
of mammary tumor incidence in mice. Genetics, 
1935, 20, 466-496. 


. Natuanson, I. T., and Anpervonrt, H. B. Ef- 


fect of testosterone propionate on develop- 
ment and growth of mammary carcinoma in 
female mice. Proc. Soc. Exper. Biol. & Med., 
1939, ZO, 421-422. 


. Taytor, G. W. Evaluation of ovarian steriliza- 


tion for breast cancer. Surg., Gynec. é¢ Obst., 
1939, O8, 452-456. 

Taytor, H.C., Jr. Endocrine aspects of chronic 
mastitis. Surg., Gynec. & Obst., 1942, 74, 326- 
342. 


. Taytor, H. C., Jr., and Twomaty, G. H. Studies 


on the excretion of estrogens and androgens. 
In press. 


. Taytor, H. C., Jr., and Watrman, C. A. Hyper- 


plasias of the mammary gland in the human 
being and in the mouse. Arch. Surg., 1940, 40, 
733-820. 


. Wurre, J. W. The present position of surgery of 


the hypertrophied prostate. dun. Surg., 1893, 
78, 1§2. 


. Wooparp, H. Q., and Hicinsornam, N. L. Se- 


rum and tissue phosphatase determinations as 
aid in evaluating radiation therapy of bone 
tumors. ‘7. dm. M. Ass., 1941, 776, 1621-1627. 


| 
| 
26. 
= 
19 
20. 
| 
Cs 


Vor. 49, No. 3 


MILLION VOLT ROENTGEN THERAPY FOR 
INTRATHORACIC CANCER 


PALLIATIVE EFFECTS IN A SERIES OF SIXTY-THREE CASES* 


By WILLIAM L. WATSON, M.D., F.A.C.S., and JEROME URBAN, M.D. 


NEW YORK, NEW YORK 


REAT advances have recently been 

accomplished in the surgical treatment 
of neoplasms of the lung and esophagus 
and, at the present time, the treatment of 
early, primary, intrathoracic cancers is 
generally conceded to be surgical. Neverthe- 
less, the majority of patients when ad- 
mitted to Memorial Hospital are in an in- 
operable state, due either to dissemination 
of their disease, advanced age with general 
debility, or to a serious concomitant medi- 
cal disease which precludes major surgical 
attack. It has been shown that approxi- 
mately 26 per cent of cancers of the lung 
are resectable, and as high as 63 per cent 
of esophageal carcinomata explored have 
been resected. At Memorial Hospital, 26 
patients with cancer of the esophagus have 
been surgically explored and 11 resected, a 
resectability rate of 43 per cent. Of 15 pa- 
tients with carcinoma of the lung explored 
surgically only 3 were resected, a resec- 
tability rate of 20 per cent. 

It is to be expected that the present 
campaign to promote the early diagnosis of 
malignant disease would result in the recog- 
nition of a higher percentage of intratho- 
racic cancers in an operable phase, but it 
must be realized that early symptoms are 
for the most part lacking and when the 
classical symptoms are present the disease 
is usually quite advanced. Roentgen ther- 
apy offers a logical form of therapy for the 
necessarily large group of inoperable cases. 

It is difficult to obtain adequate tumor 
dosage in intrathoracic cancer by ordinary 
high voltage external roentgen irradiation 
because of the physical and physiological 
factors involved. Increasing the target- 
skin distance and using higher voltage and 


greater filtration makes it possible to de- 
liver an adequate depth dose with less 
reaction in the intervening tissues and skin. 
The million volt roentgen-ray apparatus 
which has been in use at Memorial Hospital 
since 1939 delivers 52.4 r per minute (in 
air) at 1,000 kv. and 3 ma. at 70 cm. 
target-skin distance, with a filter of 2 mm. 
mercury, 2 mm. tungsten and 8 mm. cop- 
per, and a half-value layer of 3.8 mm. of 
lead. This set-up enables one to deliver a 
large dose to a deep-seated tumor without 
great permanent damage to the intervening 
structures. Hence, it would seem desirable 
to employ it in the radiation treatment of 
intrathoracic cancer. 

Now, if one admits that the survival 
rate for cancer of the lung and cancer of 
the esophagus has been almost negligible 
by any form of therapy, it seems worth 
while to evaluate, if possible, the palliative 
effects of radiation therapy in these two 
diseases. It is the purpose of this report to 
study the effect of supervoltage roentgen 
therapy on patients with inoperable cancer 
of the lung and esophagus and to deter- 
mine clinically, as far as possible, whether 
their symptoms have or have not been 
favorably influenced by treatment. 

The small number of patients in this 
series and the limited time during which 
the million volt machine has been available 
for treatment of patients with intrathoracic 
cancer makes it inadvisable to attempt a 
broad evaluation of the possible long-range 
usefulness of this apparatus. It must be 
admitted that the post-irradiation results, 
so far, have not justified the initial enthusi- 
asm engendered by the obvious theoretical 
and physical advantages of this relatively 


* From the Thoracic Surgical Service, Memorial Hospital, New York. Presented at the Twenty-seventh Annual Meeting, American 


Radium Society, Atlantic City, N. J., June 8-9, 1942. 
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Fic. 1. Patient with cancer of the esophagus being treated with the million volt roentgen-ray machine. 
Portals have been outlined and the direction of the beam determined roentgenoscopically. 


new form of radiation. On the other hand, 
certain advantages from a palliative point 
of view are noted, and it has been our aim 
to analyze the available data with a view 
to evaluating this form of therapy. The 
difficulty of impartial interpretation of the 
records is appreciated and a real effort has 
been made to evaluate fairly the patients’ 
subjective reaction to supervoltage roent- 
gen treatment. 


TECHNIQUE 


An effort was made to insure accurate 
treatment of all patients. Each patient was 
examined under roentgenoscopy in the 
position held during treatment and portals 
were outlined under direct vision (Fig. 1). 
In treating cancer of the lung, an attempt 
was made to center the beam on the pri- 
mary tumor, not on the resultant atelectasis. 
Two portals, each with an average area of 
about 150 square centimeters, one anterior 
and one posterior, were usually employed. 
Most esophageal cancers were treated 
through four portals, each measuring 7 by 


14 cm. A final check was made by exposing 
a roentgen film to the beam from the 1,000 
kv. machine with the patient in position 
for treatment, thus outlining the tissues 
traversed by the direct roentgen-ray beam. 


MATERIAL 


Between August, 1939, and December, 
1940, sixty-three patients with malignant 
intrathoracic disease were treated with the 
1,000 kv. machine. None of these patients 
was considered to be operable at the time, 
but 8 had had previous exploratory tho- 
racotomy. The group consisted of 33 cases 
of cancer of the lung, 21 cases of cancer of 
the esophagus, 3 cases of cancer of the 
lower esophagus and stomach. In addition, 
there was 1 thymoma, | advanced malig- 
nant giant cell tumor of the sternum, and 
4 patients with pulmonary metastases. 


CANCER OF THE LUNG 


Of the 33 cases of pulmonary cancer, 
there were 30 males and 3 females. The 
ages ranged from thirty-four to seventy- 
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four years, the average age at onset of 
symptoms being 56.8 years. Statistical 
study is limited to the 27 cases with posi- 
tive biopsies (Table 1). 

Symptomatology. Symptoms in the order 
of frequency were cough, chest pain, loss 
of weight, hemoptysis and dyspnea. The 
earliest symptom noted most frequently 
was cough. Duration of symptoms before 
beginning therapy averaged 6.4 months 
(one to fourteen months) (Table 11). 

Diagnosis. Twenty-four patients (89 per 
cent) had significant physical signs of pul- 
monary disease. Twenty-seven (100 per 
cent) showed significant pulmonary roent- 


TABLE 


CANCER OF LUNG-——PATHOLOGY 


Epidermoid carcinoma................ 13 
8 
Anaplastic carcinoma................. 4 
Negative or uncertain................ 6 

33 


gen signs. The diagnosis was corroborated 
by positive tissue analysis by broncho- 
scopic biopsy in $9.3 per cent, by aspiration 
biopsy in 37 per cent, and by open tho- 
racotomy and biopsy in 3.7 per cent. Each 
case in the series reviewed had a positive 
histological diagnosis. 

Treatment. Twenty-seven proved cases 
of carcinoma of the lung were treated. Of 
these, 25 patients completed their outlined 
course of therapy and received a mean 
tumor dose of 4,400 r, varying from 2,200 
to 8,800 r. Two patients were unable to 
complete their outlined treatment and re- 
ceived only negligible tumor doses. Symp- 
tomatic improvement of varying degree 
was noted in 22 cases (82 per cent) for an 
average duration of four months following 
treatment. Significant relief was indicated 
by a marked diminution in cough and chest 
pain (Table mm). 

Survival rate of the 23 deceased patients, 
excluding the 2 who received inadequate 
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Taste II 


CANCER OF LUNG-——-SYMPTOMS 


No. Cases Per Cent 


22 


treatment, averaged 7.3 months since be- 
ginning roentgen therapy. Two patients 
with proved carcinoma of the lung are 
still alive with evidence of residual disease 
twenty-seven and twenty-nine months 
after onset of symptoms, and seventeen 
and nineteen months after beginning roent- 
gen treatment. Unfortunately, almost all 
patients were treated in the Out-Patient 
Department and died at home, so that no 
postmortem examinations were possible in 
this group. Further analysis shows that a 
tumor dose of between 3,000 and 4,000 r 
produces the maximum palliative effect 
while a heavier dose, between 5,000 and 
7,000 r gives the longest average post- 
treatment survival period. 


CASE REPORT 


Cancer of the Lung. A. 1., white male, aged 
sixty-seven, storekeeper, born in Russia, was 
first seen at Memorial Hospital in July, 1940, 
at which time he complained of a chronic pro- 
ductive cough of seven months’ duration, slight 
left chest pain, dyspnea and exertional palpi- 
tation of several weeks’ duration, and hemopty- 
sis on several occasions. 

On physical examination, the patient ap- 
peared fairly well developed and nourished. 
Chest examination revealed diminished voice 


TasB_e III 


CANCER OF LUNG-—-SYMPTOMATIC IMPROVE- 
MENT FOLLOWING ROENTGEN TREATMENT 


Improvement 
Symptom No. Cases Per Cent 
General condition........ 27 82 
16 19 


i 
No. Cases ; 
4 
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Taste IV 
CANCER OF ESOPHAGUS—SYMPTOMS 
No. Cases Per Cent 

21 100 
8 40 
Vomiting....... 6 30 
Hemorrhage.............. I 


and breath sounds and a moderate amount of 


crackling rales at the left lung base. Roentgeno- 
gram of the chest revealed a dense, rounded 
shadow about 10 cm. in diameter in the left 
lower lung field. At bronchoscopy blood was 
noted in the left lower lobe bronchus, but no 
tumor was visualized. Aspiration biopsy of the 
lung mass was reported as “lung carcinoma.’ 

Surgery was contraindicated because of 
arteriosclerotic heart disease. Roentgen therapy 
was given over a fifty-one day period beginning 
in September, 1940. He received 200 r (in air) 
X22 to each of two portals, a posterior portal 
11.§ by 14 cm. and a lateral oblique circular 
portal 11.5 cm. in diameter. Daily treatments 
were given to aiternate portals. The total skin 
dose was 4,480 rX2 and the estimated tumor 
dose was 3,750 r. 

Symptomatic improvement was noted about 
one month after therapy was begun. The cough 
decreased, patient felt stronger and gradually 
ganed 20 pounds in weight. Hemoptysis 
ceased. Thirteen months after treatment was 
begun patient felt well but fatigued easily. He 
had no cough, no hemoptysis and no chest pain. 
Physical examination did not change materially. 
R4les and dullness persisted at the left lung 
base. Check-up roentgenograms revealed mod- 
erate radiation fibrosis and a diminution of the 
mass in the left lower lung to about 4 cm. in 
diameter. However, a later roentgenogram 
showed slight progression of the mass. 

During November, 1941, the patient had 
several small hemoptyses and his cough again 
became troublesome. Another aspiration biopsy 
in December, 1941, was negative for tumor 
cells. Nevertheless, further therapy was deemed 
advisable and he received a second series of 
roentgen treatments for a total skin dose of 
1,320 rX2 and an estimated tumor dose of 
1,300 r. The factors were: 300 r (in air) X4 to 
each of two portals, a lateral circular portal 11.5 
cm. in diameter and a posterior portal 11.5 by 


William L. Watson and Jerome Urban 


Marcu, 1943 


14cm. Daily treatments were given to alternate 
portals, 

The patient had received a primary tumor 
dose of 3,750 r supplemented thirteen months 
later by a tumor dose of 1,300 r. In total, he re- 
ceived an estimated tumor dose of 5,050 r. This 
therapy was well tolerated by the skin. 

One month following therapy, January, 1942, 
hemoptysis had ceased, cough was minimal, 
but the mass was essentially unchanged at 
roentgenoscopy. In March, 1942, twenty-seven 
months since onset of symptoms and nineteen 
months after beginning roentgen therapy, the 
subjective and objective signs were essentially 
unchanged. 


CANCER OF ESOPHAGUS 


Of 21 cases of squamous or epidermoid 
carcinoma of the esophagus, 20 were male 
and 1 female, a somewhat higher propor- 
tion of males than is usually found. The 
age on admission to the hospital varied 
from forty-six to seventy-five years and 
averaged §9.8. 

Duration of symptoms before beginning 
roentgen therapy averaged 4.5 months (one 
to thirteen months). Dysphagia and weight 
loss were present in all patients at onset of 
therapy (Table tv). 

Diagnosis. Physical signs were unsatis- 
factory. There was evidence of extreme 
weight loss in 17 patients (81 per cent). 
Enlarged involved lymph nodes were noted 
in 4 patients, and nodular enlargement of 
the liver was present in 5 patients. The 
diagnosis was corroborated by positive 
tissue analysis in all 21 cases by esophago- 
scopic biopsy. Roentgen studies were sig- 
nificant in 18 cases (86 per cent). All the 
esophageal lesions were intrathoracic; there 


TasBLe V 


CANCER OF ESOPHAGUS-—-SYMPTOMATIC IMPROVEMENT 
FOLLOWING ROENTGEN TREATMENT 


Improvement 


Symptom No. Cases Per Cent 
General condition. . 20 55 
Dysphagia . 20 45 
Pain. 8 37 
Hemorrhage . 100 
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were no cervical cases in the series under 
discussion. 

Treatment. Twenty proved cases of eso- 
phageal cancer were treated with the 1,000 
kv. machine. Nineteen of these completed 
their outlined course of therapy and re- 
ceived a mean tumor dose of 4,300 r, vary- 
ing from 1,200 to 8,100 r. One patient 
received a tumor dose of only 950 r; another 
patient of the original series died before any 
therapy was begun. In 12 patients dys- 
phagia was so advanced that gastrostomies 
were necessary for feeding purposes before 
roentgen therapy was instituted. 

Symptomatic improvement was noted in 
11 patients (55 per cent) for an average 
duration of five months following therapy 
(Table v). 

Survival rate of the 18 deceased patients, 
excluding 1 patient who received a tumor 
dose of only 950 r, averaged 4.4 months 
since beginning roentgen therapy. One pa- 
tient is well, without evidence of residual 
or recurrent disease, more than thirty 
months since beginning roentgen therapy. 


CASE REPORTS 


Cancer of the Esophagus. E. F., white male, 
aged sixty-seven, Irish truck driver, was first 
seen at Memorial Hospital in October, 1939, 
at which time he complained of progressive 
dysphagia of six months’ duration. He had lost 
14 pounds in weight and had been able to swal- 
low only liquids for the last two months. 

Physical examination was essentially nega- 
tive. Roentgenographic studies revealed a con- 
striction in the lower third of the esophagus. At 
esophagoscopy a cauliflower-like mass was 
noted at a distance of 31 cm. from the alveolar 
margin. A biopsy was taken and reported as 
epidermoid carcinoma, Grade 2. 

A Janeway type gastrostomy was performed 
November 15, 1939, under local infiltration 
anesthesia, and feedings were instituted. Surgi- 
cal removal of the esophagus was suggested but 
was refused by the patient who appeared to 
be in good general condition. Million volt 
roentgen therapy was given during a treatment 
period of fifty-six days. The skin portals were 
outlined and direction of the roentgen-ray beam 
determined under roentgenoscopy. Later, dur- 
ing therapy, these portals were checked by a 
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roentgen-ray plate exposed to the therapy unit 
with the proper diaphragm in position. The 
patient received 250 r (in air) X12 to each of 
four portals, each measuring 14 by 7 cm. with 
its long axis vertical. Daily treatments were 
given to alternate portals. The total skin dose 
was 3,300 rX4, and the estimated tumor dose 
was 4,800 r. 

During roentgen therapy the dysphagia be- 
gan to diminish and in September, 1940, eight 
months after completion of treatment, the pa- 
tient was swallowing all foods without difficulty. 
Immediately after completion of roentgen 
therapy, the skin portals were moderately 
erythematous, but this gradually subsided and 
when the patient was last seen in April, 1942, 
no definite skin reaction was_ noticeable. 
Esophagoscopic examination during the late 
stages of roentgen therapy showed definite re- 
gression of the tumor mass and sharp reaction 
of the mucous membrane. The last esophagos- 
copy, November, 1941, showed some fixation 
of the lower third of the esophagus, granular 
mucous membrane, but no definite evidence of 
recurrence. 

Roentgenographic studies three months after 
completion of therapy revealed moderate pul- 
monary fibrosis. The patient had had transient 
dyspnea for several weeks about three months 
after treatment. At present, he has no pul- 
monary symptoms. 

At the present time, June, 1942, twenty-nine 
months after completion of therapy, the pa- 
tient is well and has had no supplementary 
roentgen irradiation. His gastrostomy is still 
present, but is not used. This patient has no 
complaints; he is able to swallow all foods and 
has gained about 20 pounds in weight. 


G. H., male, aged sixty-two, broker, was 
first seen at Memorial Hospital in August, 
1940, at which time he complained of hoarse- 
ness, dysphagia and headache of three weeks’ 
duration. He had lost 10 pounds in weight. 

Physical examination revealed evidence of 
moderate weight loss. Multiple firm skin nod- 
ules were noted. Microscopic examination of 
one of these nodules revealed metastatic 
squamous carcinoma. Roentgenographic stud- 
ies revealed evidence of a filling defect in the 
mid-esophagus. Esophagoscopic examination 
revealed an easily bleeding mass in the mid- 
esophagus. Tissue analysis was reported as epi- 
dermoid carcinoma. 
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During a treatment period of one month this 
patient received 300 r (in air) X7 to each of four 
16 by 8 cm. chest portals. In addition, an upper 
mid-abdominal portal of 14 by 14 cm. received 
200 rX4. Estimated tumor dose was 4,0$0 r. 
Patient did not improve and died nine days 
after completing roentgen therapy. 

Postmortem examination revealed multiple 
metastases to liver, right adrenal gland, lung, 
regional nodes, bones, skull and dura mater, and 
skin. Also, terminal pneumonia, acute negative 
endocarditis and emaciation. There was moder- 
ate erythema of the skin portals. The primary 
tumor site and adjacent lung and skin showed 
marked radiation reaction, and approached 
sterility. There was no gross effect of irradiation 
on other mediastinal structures adjacent to the 
primary tumor. 


LUNG METASTASES 


Several patients with pulmonary metas- 
tases have had million volt roentgen ther- 
apy with significant resulting palliation. 
Included among them were one patient with 
metastases from an adenocarcinoma of the 
rectum, another with metastases from a 
melanoma of the palate, a third with 
metastases from a granulosa cell carcinoma 
of the ovary, and a fourth with metastases 
from renal carcinoma. 


CASE REPORT 


M. M., female, white, single, aged thirty-two, 
of Scotch parentage, housekeeper, underwent 
an abdominoperineal resection for adenocarci- 
noma of the rectum in 1932. She had had pre- 
operative roentgen irradiation of 1,350 r to 
each of four pelvic portals. 

The patient was followed at regular intervals 
in the Out-Patient Department. Her post- 
operative course was uneventful until 1939 
when she complained of a chronic, dry cough 
and occasional wheezing respirations. Physical 
examination at this time revealed a functioning 
colostomy, but showed no signs of pulmonary 
pathology. The pulmonary symptoms con- 
tinued and a small hemoptysis occurred. 
Roentgenographic examination of the chest 
November, 1939, revealed an irregular mass in 
the left hilum. Bronchography showed incom- 
plete filling of the anterior left lateral bronchus. 
At bronchoscopy a friable tumor mass was 
noted in the left lower secondary bronchus. A 
biopsy was obtained and reported as metastatic 
rectal adenocarcinoma, Grade 2. 
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Million volt roentgen therapy was begun in 
December, 1939, and completed during a fifty- 
five day period. The patient received 150 r (in 
air) X24 to each of two portals, 8 cm. in diame- 
ter, over the anterior and posterior aspects of 
the left side of the chest. Daily treatments were 
given to alternate portals. The total skin dose 
was 3,800 rX2 and the estimated tumor dose 
was 3,500 r. 

Bronchoscopy during treatment revealed 
marked regression. Following therapy the cough 
and hemoptysis ceased. However, two months 
later the cough recurred and the patient de- 
veloped pain in the left side of the chest. Bron- 
choscopy revealed another lesion approxi- 
mately 1.5 cm. in diameter on the posterior wall 
of the left main bronchus. A biopsy was re- 
ported as metastatic carcinoma. 

A second cycle of roentgen irradiation was 
given three months later during a period of 
twenty-two days. The patient received 200 r 
(in air) X10 to each of two portals, 11.5 cm. in 
diameter, anteriorly and posteriorly over the 
left chest wall. Daily treatments were given to 
alternate portals. The total skin dose was 2,200 
rX<2 and the estimated tumor dose was 1,950 r. 

Cough diminished markedly and the patient 
felt much improved following the second series 
of treatment. Skin portals showed only a 
moderate erythema despite a total dose of 6,000 
r to each portal. The left lower lobe was atelec- 
tatic and the mediastinum had shifted to the 
left. During the next few months the patient 
felt fairly well, gained several pounds in weight, 
but later had several small hemoptyses. 

In October, 1940, roentgenographic examina- 
tion revealed an atelectatic left lower lobe and 
a left hilar mass. At bronchoscopy a large 
friable mass was noted in the left main bronchus 
and a biopsy again was positive. » 

In late October and November, 1940, patient 
received additional roentgen irradiation; 300 r 
(in air)X13 was delivered to one left oblique 
chest portal measuring 15 by 10 cm. She re- 
ceived one treatment daily for a total skin dose 
of 4,350 r and an estimated tumor dose of 2,150 
r. Her symptoms decreased sufficiently for her 
to continue her usual work as a housekeeper. 
She felt well and gained weight. 

The cumulative total estimated tumor dose 
was 7,600 r delivered in three courses over a 
period of eleven months from December, 1939, 
to November, 1940. 

The patient had no significant pulmonary 
symptoms. However, at bronchoscopy Decem- 
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ber, 1941, a viable tumor was noted in the left 
bronchus. In January, 1942, roentgenographic 
evidence of bone metastases to the lumbar spine 
was present, and in February, 1942, further 
bone lesions appeared. Until February, 1942, 
with the aid of million volt roentgen therapy, 
this patient had been enabled to lead a useful 
and fairly comfortable life for a period of two 
years and ten months following symptoms of 
pulmonary metastases. 


SUMMARY 


1. Sixty-three patients with deep-seated 
intrathoracic cancer were treated at Mem- 
orial Hospital during 1940 with the million 
volt roentgen-ray machine. 

2. Eighty-two per cent of the patients 
with cancer of the lung showed sympto- 
matic improvement for an average dura- 
tion of four months following treatment. 

3. Fifty-five per cent of the patients with 
cancer of the esophagus showed sympto- 
matic improvement for an average duration 
of five months following treatment. How- 
ever, previously performed gastrostomies 
add to the difficulty of fairly judging the 
true roentgen irradiation effect. 


CONCLUSION 


It seems safe to draw a general conclu- 
sion that supervoltage roentgen therapy 
will play a definite rdle in the palliative 
care of patients with cancer in the thoracic 
cage, but so far this study does not lend 
encouragement to the hope that million 
volt roentgen therapy may lead to a high 
percentage of five year survivals. 
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DISCUSSION 


Dr. Joun E. Wirtrn, Baltimore, Md. I 
should like to congratulate the authors on the 
handling of a subject which I think is probably 
one of the most difficult we face today. I think 
they are to be congratulated for going ahead 
with this work when the prospects are so dark. 
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It is work that has to be done, work that should 
be done. Progress can be made and that prog- 
ress is only going to be made by those institu- 
tions which have supervoltage therapy avail- 
able and are willing to go ahead with the work 
and see what results can be obtained. 

I agree with the general premise that all 
operable cases should be operated upon. One 
doesn’t see many papers regarding operations 
on lung and esophagus, but they are being done 
more and more and in the next few years I 
think you are going to see a great number of 
papers on the subject. It is an expanding field. 
It also is a field in which there is a great deal of 
progress to be made. 

The authors state that it is difficult to obtain 
an adequate tumor dosage in intrathoracic can- 
cer by ordinary high voltage external irradia- 
tion because of the physical and physiological 
factors involved. Time undoubtedly precluded 
the possibility of going into these two factors to 
any great length so that I should like, if pos- 
sible, to emphasize the second of these factors; 
that is, physiological factors. 

A tremendous field is covered in the words 
“physiological factors.” These not only play a 
part in ordinary high voltage roentgen therapy 
but also limit to a great extent adequate dosage 
with supervoltage roentgen therapy. 

I would like to emphasize, as did the authors, 
the correct localization of the lesion. So many 
bad results, or lack of any results at all, I be- 
lieve, are due to the fact that the treatment is 
not actually getting to the lesion. I think that 
perhaps intrathoracic lesions are the most dif- 
ficult of all in which to accurately direct the 
therapy to the desired place. 

Very recently we had a beautiful example of 
this difficulty. We had operated on a patient 
who had a low esophageal lesion. A steel clip 
was placed just below the diaphragm, so that 
we knew the exact location of the lower end 
of the esophagus. Two of us separately outlined 
the skin portals that we thought should be 
treated and then subsequently checked this 
with roentgenograms to show the clip in rela- 
tion to the outlined portals. One of us missed 
centering the clip by 2 inches in one direction 
and the other missed by 2 inches in another 
direction. 

I believe the authors should be complimented 
on the extensive number of biopsies they have 
obtained in their series of lung cases. I feel it is 
very important to have biopsies on all of these 
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lung lesions; otherwise, our end-results are 
going to be of no value whatever in terms of 
palliation or cure. It is entirely too easy to 
confuse intrathoracic lesions such as lympho- 
mas, primary tumors of the lung, and even 
nerve tumors within the pleural cavity. 

If the bronchoscopic biopsy is not positive, 
I agree with the authors, by all means try an 
aspiration biopsy. I do not wish to bring up the 
subject of the advantages or disadvantages of 
aspiration biopsy but certainly in lung tumors 
it is of decided advantage to be sure that you 
are dealing with a neoplastic process. In many 
instances it is possible to distinguish a primary 
tumor of the lung from a lymphoma by aspira- 
tion biopsy. 

It is interesting to note that the patients re- 


ceiving the larger amounts of treatment gave | 


the longest average post-treatment survival 
periods while doses of 3,000 to 4,000 r produced 
the maximum palliative effect. Perhaps the 
authors wish us to bear that in mind so that if 
we have a patient on whom we feel we wish the 
most palliation, perhaps we had better not go 
too high, whereas if we wish longevity we had 
better go to very high dosages. I don’t know 
whether they had this idea in mind, but they 
certainly suggest it. 

Previous gastrostomies add to the difficulty 
of fairly judging the true roentgen irradiation 
effects. It is very hard to judge the effects of 
irradiation on esophageal lesions if there is a 
coincident gastrostomy. 

On the whole, no new or startling results have 
been produced by this series but it is encourag- 
ing,—it is something that makes us wish for 
more, makes us all wish that more could be 
done with these cases. No one can get away 
from that point of view if he has seen very many 
esophageal and primary lung tumors. The 
utter hopelessness of most situations when they 
are inoperable, and the desire to alleviate the 
suffering of these patients, we all appreciate. 

I do not believe roentgen irradiation is going 
to be the final answer, but I think its use should 
be continued; supervoltage roentgen therapy 
should be continued for there is a great deal of 
progress to be made. 


Dr. Ursan (closing). I wish to thank Dr. 
Wirth for his excellent and thorough discussion, 
with which I agree. At the present time, further 
analyses of million volt roentgen therapy results 
are being conducted at Memorial Hospital. 
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POST-IRRADIATION STRICTURE OF RECTUM 
AND SIGMOID FOLLOWING TREATMENT 
FOR CERVICAL CANCER 


By PALMER E. WIGBY, M.D., F.A.C.R.* 
HOUSTON, TEXAS 


TTENTION has been called in a 

number of reports in the literature 
during the past ten or twelve years to the 
reaction of the bowel to high voltage roent- 
gen and radium irradiation for cancer with- 
in the pelvis. The clinical picture and histo- 
genesis of the bowel lesions, which occur 
chiefly within the rectum and sigmoid, are 
fairly generally recognized and _ under- 
stood. The limits of tolerance of the bowel 
to irradiation from which it will satisfac- 
torily recover are not well defined, and very 
little work has been reported, to my knowl- 
edge, to determine how much irradiation 
the bowel can actually tolerate without 
permanent injury. It is not the purpose of 
this paper to attempt to define those limits 
because of the magnitude of the problems 
involved. It did occur to me, however, that 
some useful information might be gained 
by summarizing a series of cases in which 
the dosage was maximum and a relatively 
high percentage of bowel reactions oc- 
curred. 

There are few reports in the radiological 
literature on the subject of post-irradiation 
proctitis and sigmoiditis. Some have ap- 
peared in other literature, chiefly surgi- 
Corscadan, Kasabach and Lenz‘ in- 
cluded several cases of ulceration of rectum 
and sigmoid in their paper on intestinal 
injuries after radiation treatment, with one 
case well six years after colostomy, and one 
two years. They state the injuries appar- 
ently ceased following reduction in daily 
dose and size of fields for the roentgen 
treatment, and prolongation of the radium 
application. Buie and Malmgren,® on the 
other hand, reported rectal reaction fol- 
lowing the use of 800 mg-hr. of radium in 
the uterus for fibromyomata. The filtration 


used is not mentioned. That individual 
susceptibility exists there can be little 
doubt. The “no reaction” cases tabulated 
in Table 111 suggest this rather strongly. A 
real challenge to the medical profession 
and its allied sciences lies in finding a reason 
for this variation. The answer should come 
from investigation within the field of radio- 
biology. 

Severe irradiation reaction of the intes- 
tinal tract, chiefly within the sigmoid and 
rectum, occurred in at least 24 of the 100 
cases on which this paper is based. Idio- 
syncrasy of the tissues to irradiation may 
have been present in many of these pa- 
tients, although it is my opinion that large 
dosage was probably responsible for many 
of the reactions. Roentgen dosage has been 
reduced in our clinic but the cure rate will 
also probably decline. Colostomy was nec- 
essary to relieve critical symptoms of lower 
bowel injury in 6 of the 100 cases. Three 
others developed intractable diarrhea and 
died; 1, having ileosigmoidal fistula, died 
in the hospital, and the other 2 at home, 
declining further medical care. In spite of 
improved methods of treatment, cases of 
this type occur unexpectedly during and 
after treatment and may prove to be of 
more immediate consequence than the ini- 
tial lesion for which treatment was insti- 
tuted. 

The general profession should be warned 
not to regard these complications as repre- 
senting hopeless recurrence. Therefore, any 
physician seeing a patient with intestinal 
symptoms, especially if they suggest ob- 
struction several months or even years after 
radiation treatment for any pelvic condi- 
tion, should submit the patient to careful 
examination, which should include a com- 
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Fic. 1. Case 71. White, aged 34, para u, clinical Group 11. Squamous cell carcinoma cervix Grade 3. External 


roentgen therapy between July 15, 1940 and August 21, 1940, 7,950 r—medium Thoraeus filter, intensity 
25 r per minute. During same period for fourteen days, 360 r delivered daily through 4 cm. intravaginal 
cone, total 5,040 r. Factors for latter were 200 kv. (peak), 18 ma., 45 cm. distance and 0.25 mm. copper and 
0.§ mm. aluminum. Intensity 72 r per minute. Mild bloody diarrhea began twelfth treatment day. Starch 
enemas and olive oil instillations. No radium treatment. Cervix appeared normal at time of complete 
hysterectomy October 7, 1940 (only case in series receiving this). Occasional small clots per rectum since. 


A, August 22, 
C, January 14, 1941, no abnormal change. 


plete history, roentgenologic studies of the 
colon, and sigmoidoscopic examination, and 
if in doubt a biopsy should be taken. The 
diagnosis of benign irradiation stricture can 
readily be made by such means and a colos- 
tomy or resection of the stricture or a 
combination of the two procedures may re- 
store the patient to essentially normal 
health. With newer plastic devices* (Fig. 4) 
for covering the colostomy, and with 
proper attention to diet, the colostomy 
itself, even if it should become permanent, 
does not present the difficult or unhappy 
aspects that it did in former years. Three 
patients who have had colostomies from 
eleven to eighteen months live an essen- 
tially normal life. 

The bowel complications in this series of 

* Designed by Dr. Tom E. Smith, proctologist, Dallas, Texas. 


1940, persistent narrowing proximal sigmoid. B, September 2, 1940, definite improvement. 


cases are tabulated in Table 1. The intes- 
tinal reactions are divided into four groups. 
Those with no reaction; those with only 
diarrhea (first degree reaction); those pass- 
ing blood with frequent loose stools (second 
degree reaction); those developing stricture 
necessitating colostomy (third degree re- 
action). 

First degree reactions show hyperemia 
(often telangiectases) and bullous edema by 
proctoscopy, and it may be presumed the 
same type of reactions can occur anywhere 
in the intestinal tract included in the por- 
tals of treatment. This reaction usually 
begins during the third week of roentgen 
treatment, although it may occur months 
to years after completion of the irradiation. 
No particular treatment is necessary for 
this reaction, particularly if mild. Paregoric 


Tas_e I 


SUMMARY OF SEVENTY-SEVEN CASES 


Reactions Previous Clinical Group 
No 2° 3° Laparotomy Syphilis I i IV 
White 9 11 12 3 13 5 4 13 9 9 
Colored 24 9 6 3 7 14 3 ; 10 22 
Totals 33 20 18 6 20 19 7 20 
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with or without bismuth was often pre- 
scribed if diarrhea became excessive. We 
now omit bismuth entirely during treat- 
ment because of the possible enhancing 
effect the secondary beta radiation from the 
bismuth may have on the intestinal reac- 
tion. 

Second degree reactions are those in which 
ulceration with many bleeding points is 
seen, plus hyperemia and bullous edema. 
Rectal pain is a fairly common subjective 
symptom in this group. A bearing-down 
pain is often described late in the course of 
the reaction, indicating fibrosis. The ulcera- 
tion may be in the form of fairly typical 
punched-out single round ulcer or in irregu- 
lar single or multiple ulcers of a “‘beefy” 
red appearance. Temporary stricture (Fig. 
1), usually of short duration, may occur in 
this group. The late reactions will usually 
be accompanied by bleeding either in small 
or large old clots to fresh gross hemorrhage. 
This gives the appearance of “‘factitial 
proctitis” described by Buie and Malm- 
gren.® This reaction occurred in 24 of 77 
cases in this series in which bowel reactions 
were described and in which six months had 
elapsed since treatment. Cathie® reported 
ulceration as high up as the duodenum 
which was well removed from field of irra- 
diation, although consideration of such in- 
testinal complication is outside the scope 
of this paper and was not encountered in 
any of our cases. The treatment for the 
second degree reaction consisted of starch 
or warm saline enemas after bowel move- 
ments, followed by instillation of 4 to 6 
ounces of warm olive oil to be retained as 
long as possible. 

Third degree reactions are those which 
progress to fibrosis of one or more of the 
intestinal coats with or without extrinsic 
fibrosis. Whatever degree of fibrous stric- 
ture results, it will be permanent, except 
for the dilatation which may be accom- 
plished by the fecal stream or artificially 
by bougie. Extreme fibrosis of the posterior 
half of the pelvis is encountered in a fair 
percentage of treated cases. It is in those 
cases not showing extrinsic fibrosis of the 
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Fic. 2. Case 77. Colored, aged forty-three, para m1, 
clinical Group tva. Squamous cell carcinoma 
cervix Grade 3. Bilateral salpingectomy and 
oophorectomy, 1928. Lleosigmoidal fistula at arrow. 
Previously administered bismuth is seen in cecum 
and ascending colon. Anteroposterior caliper 20 
cm. External roentgen therapy 8,150 r, four por- 
tals October 1, 1940 to November 4, 1940. Intra- 
vaginal cone, 4 cm. portal, 5,148 r between October 
15, 1940 and October 29, 1940. Intra-uterine and 
vaginal radium, 6 sources, 4,686 mg-hr. November 
30, 1940 to December 7, 1940. Diarrhea but no 
blood third week. Controlled. Obstructive symp- 
toms during January, 1941. Laparotomy January 
30, 1941. Death February 5, 1941. No autopsy. 
No evidence of neoplasm in biopsy specimen from 
site of fistula (Fig. 3). 


sigmoid in which resection may be con- 
sidered. The cases reported by Todd! were 
divided into extrinsic and intrinsic reac- 
tions, and successful resection of the stric- 
ture of the sigmoid with end-to-end anas- 
tomosis was accomplished in several cases 
of the intrinsic variety. This procedure 
appears feasible in one case under observa- 
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Fic. 3. Case 77. Photomicrograph (X10). Specimen 
taken from sigmoid at site of ileosigmoidal fistula. 
A, border of infarcted area which is ulcerating; 
B, early infarction of muscular layers; C, thickened 
fibrous subserosa. No evidence of neoplasm. 


tion here at the present time. Devine’s 
colostomy was performed March 5, 1941, 
and at preliminary exploration it was found 
that the sigmoid was fairly mobile. Resec- 
tion will probably be carried out later. 

Small bowel obstruction was not encoun- 
tered in any of the cases in this series. The 
patient in whom ileosigmoidal fistula (Fig. 
2) developed had extensive localized injury 
of the ileum at the site of the fistula. Figure 
3 shows the microscopic evidence of necro- 
sis in such an area. It has been stated that 
previous laparotomy may predispose to 
small bowel injury with later obstruction.” 
This is certainly plausible but did not have 
significant relationship in our series. Twenty 
patients in the entire series had laparotomy 
prior to the institution of treatment and 
they were divided among the four reaction 
groups as shown in Table 11. 
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Sigmoidal stricture necessitating colos- 
tomy occurred § times in 100 consecutive 
cases receiving roentgen and radium treat- 
ment for cancer of the cervix between the 
early part of 1937 and October, 1940. It is 
unlikely that more of these cases will 
eventually require operative treatment for 
obstruction, since the majority of such le- 
sions occur between six and eight months 


Fic. 4. Case 29. Non-irritating plastic device used 
over proximal loop of colostomy. Short tight plug 
inserts into bowel opening with surrounding collar 


which prevents leakage. This shows usual site of 
Devine colostomy. 


following completion of treatment.! How- 
ever, obstruction has been reported? as oc- 
curring as long as eight years after treat- 
ment. This question concerning our series 
of cases will be answered definitely at some 
future time inasmuch as we are maintaining 
a close follow-up on each patient. 
Colostomy for severe proctitis was neces- 
sary in one instance, and since operation 


TaBte II 


SEVENTY-SEVEN CASES 


No Reaction 


ist Degree 


2nd Degree 3rd Degree 


Total reactions 9 24 11 9 12 6 3 3 79 
Previous laparotomy 4 4 4 I 4 ° I 2 2 

Syphilis 2 7 i 4 ° 2 2 i 1g 
Clinical Group 1 2 I 2 2 7 
Clinical Group 1 2 4 4 3 7 ° ° ° 2 

Clinical Group 1 2 6 3 4 3 ° I fe) ig 
Clinical Group iv 3 13 4 2 2 4 ° 3 31 
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the proctitis has resulted in about $0 per 
cent narrowing at the rectosigmoid. If there 
is no increase in the stricture during the 
next 6 months, the colostomy will be closed 
as it is known that the fecal stream will en- 
large the lumen to some extent and accom- 
modate itself to some degree of narrowing. 
This patient (V. F., Case 44, Table 111) had 
clinical Group 3 carcinoma of the cervix, 
for which treatment was completed in Au- 
gust, 1939. The patient had diarrhea be- 
ginning shortly after with remissions and 
exacerbations until colostomy in April, 
1940. She had a second degree reaction 
which produced bleeding only occasionally. 
She has had short periods of diarrhea from 
the colostomy, usually following dietary in- 
discretion. The patient is otherwise in good 


health. 
TREATMENT TECHNIQUE 

The general plan of treatment included 
an external series of high voltage roentgen 
irradiation to the pelvis followed immedi- 
ately by intracervical, uterine and intra- 
vaginal radium applications. Roentgen 
therapy was delivered by a 200 kv. (peak) 
constant potential apparatus operated at 
18 ma. of current and 52 cm. focal skin dis- 
tance. The filters used varied from 0.75 
mm. copper to medium Thoraeus. The half- 
value layers for 0.5 mm. and 2 mm. copper 
for the above factors are 1.18 mm. and 2.12 
mm. copper respectively. Radiation was 
delivered through the usual two anterior 
and two posterior portals; in obese women 
two lateral portals were added. The portals 
were 15 by 15 cm. in size for the first 62 
cases and 10 by 15 cm. for the remainder. 
The beam was tilted about 10 degrees to- 
ward the midline. Treatment was given 
daily except Sunday and the daily dose 
varied from 200 r to one portal to 250 r to 
each of two portals. Most cases are started 
now on 100 r to each of two portals and 
after completion of one pelvic cycle, in- 
creased to 150 r to each portal, and thus 
increasing at the rate of so r per portal per 
cycle until a maximum of 250 r per portal 
is reached. All measurements were made 
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with a Victoreen condenser type r-meter, 
which was recalibrated by the manufac- 
turer every six months and checked with 
other instruments. The intensity for all 
techniques used was measured in air. Al- 
ternate portals were treated on successive 
days so that each portal received the same 
total dose. The latter varied with the an- 
teroposterior caliper measurement and an 
effort was made to deliver 5 to 6 threshold 
erythema doses to each adnexal region. The 
largest total dose to an external portal was 
3,000 r when four portals were used and 
2,000 r when six portals of entry were used. 
The external series was completed in 
twenty-five to thirty-five days. There was 
no significant permanent damage to the 
skin in any case. Some induration resulted 
in a few cases, such as is seen in Figure 7. 
Since January, 1940, we have added in- 
travaginal roentgen irradiation through an 
Odmann cone whenever the lesion was pri- 
marily of an exophytic type and small 
enough to be completely included in the 
field of irradiation and if the configuration 
of the vagina adapted itself to easy inser- 
tion of the cone. Only two cone sizes, 3 cm. 
and 4 cm. in diameter, were used. The 
physical factors for this irradiation were 
200 kv. (peak), 18 ma., 45 cm. distance and 
0.25 mm. copper and o.§ mm. aluminum 
external filtration. The inherent filtration 
of the tube is equal to 0.25 mm. copper. 
For the first few cases 200 kv. (peak) and 
0.§ mm. copper were used, but it was felt 
that the doses delivered to the rectum and 
sigmoid were too great. The daily dose was 
usually 450 r until a total of 5,000 r was 
administered. This radiation was given 
concurrently with the external series. 
Multiple source radium technique was 
used in every instance. The cervix was di- 
lated under anesthesia and four-chambered 
tandem silver capsule, with a wall thickness 
of 1.6 mm., was inserted into the uterus 
and cervical canal. Each of the two distal 
chambers resting in the fundus contained 
19.8 mg. (6—3.3 mg. cells), and each of the 
two proximal chambers in the cervical 
canal contained 26.4 mg. (8—3.3 mg. cells). 
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Taste III 


DOSAGES AND REACTIONS 


Case Radium Re- Case Roentgen 
No Rays (mg-hr.) action No Rays 

1 Outside 4,710 No 33 «11,489 
2 Outside 2,640 I 34 «218,110* 
3 10,584 5,575 No 5 
4 11,842* 4,147 No 35 12,152 
5 4,848 5,376 36 11,730 
6 8,073 §,010 No 37 7,452 
7 6,403 5,456 No 38 «12,524 
8 2,598 7,200 No 39 «113,671 
9 4,000 4,300 No 40 16,692* 
10) ,403* ° No 41 9,996 
II 12,400 4,960 No 42 11,084 
12 8,280 4,920 No 43 12,274 
13 9,418 2,602 No 44 10,846 

Stump 45 14,948 
14 10,580 re) No 46 9,894 
15 9,744 4,977 No 47 12,274 
16 17,696* 4,620 No 48 12,240 
17 7,590 ° No 49 9,622 
18 4,777 50 12,750* 
19 =. 6, 490 3,811 No $1 10,064 
20 8,058 4,826 No 2 7,956 
21 11,289 4,901 I $3 10,024 
22 261 3,600 No $4 7,565 
23 «11,942 § , 405 2 4,8137 
24 16,648* 5,618 I 55 8,228 
2 9 , 267 4,663 No § ,coot 
26 8,036 5,128 No 56 = 8,704 
27. 8,269 3,947 57 11,224" 
28 8,250 5,181 No §,250T 
29 481 5 , 808 3 58-9, 464 
30 612,230 3,059 No I ,o40T 
31 11,700 § 5333 I 59 8 , 160 
32 «-20,019* 4,887 3 § ,coot 


* Two external series. 
Intravaginal cone. 


Each cell is 1 cm. in length and has a wall 
thickness of 0.2 mm. platinum, providing in 
addition to the capsule a total filtration 
equivalent to 1 mm. platinum. The capsule 
was placed in a rubber sac 2 mm. in thick- 
ness. The dose thus given was approxi- 
mately 3,000 mg-hr. In the last 8 cases a 
capsule of 2.6 mm. silver wall thickness was 
used. Hereafter a silver capsule providing 
total filtration equivalent to 0.5 mm. of 
platinum will be used. 

Within a few days after removal of the 
intra-uterine applicator a London or Kap- 


Radium Re- Case Radium 
(mg-hr.) action No. r) (mg-hr.) action 
333 60 13,294" 5,064 2 
§ I 61 15,907" 4,560 2 
4,950T 
5,630 No 62 12,112* fe) No 
4,156 No 4,824T 
fe) No 63 8 ,600 No 
5,332 No 64 8,656 4,422 2 
5,659 3 65 8,224 2,000 I 
5,604 2 §,040T Stump 
2,956 I 66 8,100 No 
5,392 2 5 ,o40f 
5,392 1 67 3,850 6,013 2 
5,659 2 68 18,490* 2,g01 I 
4,175 I § ,040T 
§,392 2 6g 9g , 4,612 I 
5.431 3 729 9,600 4,920 No 
5,659 2 § 6167 
45435 7! 2 
5,333 5 ,040T 
4,643 2 72 9,450 § ,O70 2 
3,925 No §,040T 
5,943 No 73 8,000 4,884 2 
§,0g1 2 § ,040T 
74 8,100 4,771 3 
4,620 2 § ,040T 
75 6,120 3,564 I 
° I 76 8,000 . 2,338 I 
4,310 3 3, 600F 
77 8,150 4,686 3 
No 5, 1487 
4,158 I 


lan colpostat or single rubber cylinder was 
introduced into the vaginal fornices. In 
many cases the vagina was so contracted 
that the cylinders rested against the cervix. 
The filtration was the same as for the intra- 
uterine application except that the rubber 
cylinders have a wall thickness of 1 cm. 
The vagina was packed tightly with gauze 
in order to hold the applicators in position 
and maintain as much distance between the 
bladder and rectal walls and the radium 
sources as possible. The gauze was well 
moistened with olive oil to reduce irrita- 
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tion of gauze to vaginal mucosa. The vag- 
inal dose was approximately 1,000 mg-hr. 
per capsule. Occasionally three capsules 
were used; usually only two. 

Thirteen cases received a second series 
of deep roentgen therapy because of per- 
sistence or recurrence of the lesion. The 
factors used were similar to those for the 
first series except that only 1,000 to 1,200 r 
per portal was administered. Table 11 
shows the reaction in these cases. 

When the intravaginal cone therapy was 
added a few cases were treated with only 
roentgen irradiation. One case developed a 
recurrence in the left vaginal fornix about 
two months after completion of therapy. 
This was controlled satisfactorily by the use 
of radium, although it was decided that 
radium should be used in the vaginal for- 
nices to supplement the cone therapy in 
every case. The regular intra-uterine ra- 
dium application was used in every case 
receiving cone therapy. Hereafter the intra- 
cervical portion of the application will be 
omitted. If the uterus is fairly large, two 
or three capsules will be inserted into the 
fundus to supplement the cone therapy and 
the vaginal radium. 

Distribution of radium sources within 
uterus and vagina is important. Multiple 
sources within the uterus will displace each 
other to the lateral aspects of the uterus 
and thus deliver higher doses to the broad 
ligaments. Careful positioning and packing 
of vaginal applicators are important in 
order to prevent displacement of applicator 
downward against the rectum or forward 
against the bladder. An applicator becom- 
ing dislodged from the vaginal fornix and 
coming to lie on the posterior wall of the 
vagina may produce a very severe factitial 
proctitis, while the same dose in its proper 


place would have produced little or no re- 
action. 


COMMENT 


In the tabulations of reactions (Table 1) 
23 cases were omitted because of death 
less than six months following completion 
of treatment or because only a_ small 
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amount of palliative treatment was given. 
None of these, however, died with intrac- 
table diarrhea. Some of them, however, had 
first degree reactions, but none had second 
degree reactions. Seven of the 23 cases 
died from one to five months after comple- 
tion of treatment and no statements con- 
cerning bowel reactions were. recorded. If 
any one of them had a second or third de- 
gree reaction we would, in all probability, 
have known it. In determining the percent- 
age of reactions, if these are included as 
“no reaction” cases, then the percentage 
having reactions becomes 50 per cent. Four- 
teen were given only palliative treatment or 
died of other cause before treatment was 
complete. We were unable to trace 2 cases. 
A few of the first degree reaction cases were 
not asked whether they had passed blood 
although the data concerning the diarrhea 
was recorded. These possible sources of 
error hold only for the first year cases. 
Thirty-nine per cent of the entire group is 
well and free of clinical evidence of active 
disease. A few of the “no reaction” cases 
listed in Table 111 received more treatment 
than certain of those who developed third 
degree reactions, but appear entirely nor- 
mal on pelvic examination at the present 
time. This points strongly to a marked 
variation of tissue susceptibility in different 
individuals. 


CASE REPORTS 
Intrinsic Reaction with Colostomy. 


Case 29 (Table 111). E. I., white, aged forty- 
four, para 1, was admitted October 4, 1938, 
complaining of intermenstrual bleeding for one 
year. General physical examination was nega- 
tive except for numerous dental caries and 
pyorrhea. Inspection of the cervix revealed a 
small erosion on the anterior and left aspects 
without extension to the vaginal wall. On bi- 
manual examination the uterus was freely 
movable and normal in size without suggestion 
of involvement in either adnexal region. Classi- 
fication of clinical Group 1 was made. Path- 
ologic diagnosis: transitional cell carcinoma 
Grade 3. Red blood cell count was 4,100,000; 
hemoglobin 85 per cent and negative Kline 
reaction. Urine within normal limits. Bilateral 
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Fic. 5. Case 29. Factitial sigmoiditis and condition seventeen months after colostomy. 


pyeloureterograms failed to show deviation 
from the normal. 

Roentgen therapy directed through six 15 by 
15 cm. pelvic fields was begun on October 4, 
1938, and completed on November 17, 1938. 
Physical factors were: 200 kv. (peak) constant 
potential, 18 ma., 52 cm., focal skin distance, 
I mm. copper and 0.§ mm. aluminum filtration; 
156 r, measured in air, was given through each 
of two portals every day for a period of thirty- 
seven days for a total of 11,481 r. The antero- 
posterior measurement just above the symphysis 
pubis was 18 cm. Radium was administered 
between November 17, 1938 and November 23, 
1938: 2,957 mg-hr. in the uterus and cervix 
and 2,851 mg-hr. in the vagina, making a total 
of 5,808 mg-hr. Filtration 1 mm. platinum 
equivalent. 

Patient had no significant complaints until 
July, 1939, about seven and a half months after 
completion of radiation therapy, when she 
began having three to four loose stools daily, 
mixed with blood and mucus, and accompanied 
by considerable persistent tenesmus. Upon 
examination, the cervix was in good condition 
but bound down posteriorly. The adnexa were 
negative except for moderate induration. 

Roentgenoscopic examination of the colon, 
with barium enema, demonstrated considerable 
spasm of the rectum, irregular narrowing of the 
proximal third of the sigmoid and adherence of 


sigmoid loops to each other. Proctoscopic exam- 
ination demonstrated typical second degree re- 
action of both the rectum and sigmoid. 

The patient was admitted to the hospital 
July 9, 1939, and an attempt was made to con- 
trol the bloody diarrhea by frequent starch and 
saline enemas followed by instillation of warm 
olive oil. The patient was losing weight and a 
colostomy was decided upon. A Devine colos- 
tomy of the transverse colon was done on 
August 23, 1939. Postoperative recovery was 
rapid and the patient left the hospital on Sep- 
tember 15, 1939, in excellent condition except 
for slight diarrhea from the proximal colostomy. 
opening. There have been no urinary com- 
plaints at any time. 

Since operation the patient has gained 13 
pounds in weight, no complaints except for 
occasional slight diarrhea from the colostomy. 
Repeated pelvic examinations have shown no 
evidence of neoplasm. Proctoscopic examina- 
tion on three or four occasions during the past 
year have shown slight persistent narrowing of 
the proximal sigmoid, as shown in Figure §. 
This case is now ready for closure of colostomy. 


Marked Extrinsic Reaction with Development 
of Intrinsic Reaction Eight Months after Colos- 
tomy. 

Case 47 (Table 1). A. D., white, aged 
thirty-four, was admitted July 24, 1939, com- 
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plaining of intermenstrual bleeding for the 
past eight or nine months. Thick yellow vaginal 
discharge several years. Seven pounds weight 
loss past two months. Patient was in good gen- 
eral condition except for positive Wassermann 
reaction, for which she had had some treatment. 
Cervix showed small early lesion of the anterior 
lip, which bled easily. She was classified as 
clinical Group 1. Biopsy proved presence of 
adenocarcinoma Grade 3. Bilateral retrograde 
pyelograms were within normal limits except 
for biliary calculi right upper quadrant. 
Reentgen treatment was started July 31, 
1939, delivering 170 r to two portals daily, 
using the six portal technique. The antero- 
posterior measurement just above symphysis 
pubis was 20 cm. Treatment completed Sep- 
tember 18, 1939, for a total dose of 12,274 r. 
Intra-uterine and cervical radium in tandem 
was applied August 23, 1939, administering 
3,000 mg-hr. through 1 mm. platinum filter. 
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One week later 650 mg-hr. was applied in each 
lateral vaginal fornix and 600 mg-hr. a few days 
later in the same areas. One month later patient 
had gallstone colic, followed by jaundice and 
light colored stools. Cholecystectomy was per- 
formed November 10, 1939, with an uneventful 
convalescence. 

Patient first noticed constipation early in 
November, 1939, and when seen December 1, 
1939, had not had any bowel movement for 
several days despite enemas and mild laxatives. 
There was occasional vomiting but no diarrhea. 
Examination revealed a soft non-distended ab- 
domen, although flat film of abdomen (Fig. 6) 
demonstrated tremendous distention of entire 
colon proximal to sigmoid, and barium enema 
outlined irregular narrowing of rectum. The 
cervix at this time showed marked irradiation 
reaction and the upper vagina was contracted 
and very tender. Cervix could not be dilated by 
gentle pressure by means of small probe. The 


Fic. 6. Case 47. 4, marked colonic distention proximal to irradiation stricture of distal sigmoid and rectum. 
Colostomy December 14, 1939. B, barium-filled colon, February 25, 1941, showing stricture of rectum 


secondary to extrinsic irradiation reaction. 
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uterus and pelvis were found firmly fixed on 
rectal examination with diffuse fibrosis through- 
out posterior half of pelvis. 

On December 14, 1939 a Devine colostomy 
of the transverse colon was performed. Post- 
operative course was very satisfactory. General 
condition immediately improved. 

The patient noticed swelling of both lower 
extremities a few months later, slightly more of 
the left side. There was considerable induration 
of the skin in both inguinal regions externally 
and rather marked lymphedema of both lower 
extremities. There was also marked swelling of 
the labia (Fig. 7). 

Patient continued to improve and her general 


Fic. 7. Case 47. Induration of inguinal regions and 
lymphedema of labia majora eighteen months 
after treatment in a case of extrinsic irradiation 
reaction of rectum. 


condition became very satisfactory. She was 
admitted to the hospital, however, in August 
and again in November, 1940, for hemorrhage 
per rectum. Hemorrhage completely controlled 
on bed rest and transfusions on both occasions. 
Monsel’s solution was also administered per 
rectum as retention enema. There has been no 
bleeding since except for a few clots on Febru- 
ary 10, 1941. 

Mucosa of rectum was negative by proc- 
toscopy. Palpation per rectum gave the im- 
pression that the rectum was tunneled through 
a hard fibroid molded into the posterior portion 
of the pelvis. This same condition is still present 
and demonstrated on barium enema film made 
February 25, 1941 (Fig. 6). Bilateral retrograde 
pyelograms on December 4, 1940, were negative 
except for slight clubbing of minor calyces. 
Patient last seen on February 25, 1941, when 
there were no complaints except for some swell- 
ing of the lower extremities below the knees. 
Normal weight and strength. Red blood cell 
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count 3,500,000; hemoglobin 7o per cent, white 
cell count 4,500. Patient has had regular anti- 
syphilitic treatment since first observation in 
July, 1939. 


Colostomy for Severe Proctitis. 

Case 44 (Table 111). V. F., white, aged 
thirty-five, para 111, admitted June 29, 1939; 
no previous operations or serious illness. Com- 
plaints were intermenstrual discharge six 
months, increase in duration of menses to ten 
to sixteen days for the past three months, pain 
in left lower quadrant one month, and 12 
pounds weight loss during past six months. 
Physical examination was negative except for 
a small ulcer on anterior aspect of anus and a 
few external hemorrhoids. Inspection of cervix 
showed it completely covered by an exophytic 
growth without visible extension to vaginal 
wall. Adnexa indurated with some fixation of 
uterus. Clinical Group 111 carcinoma of the cer- 
vix. Pathologic diagnosis: squamous cell carci- 
noma Grade 3. Kline test negative, red blood 
cell count 3,300,000, hemoglobin 64 per cent, 
pyeloureterograms normal. 

Roentgen therapy was given for twenty- 
seven days between June 29 and August 22, 
1939, through six pelvic portals. The antero- 
posterior measurement just above symphysis 
pubis was 16 cm. Physical factors were: 200 kv. 
(peak) constant potential, 18 ma., §2 cm. focal 
skin distance, filtration 1 mm. copper plus 1 
mm. aluminum; 204 r, measured in air, was 
given through each of two 15 by 15 cm. portals 
daily with exception of a few interruptions. On 
August 28, 1939, radium was introduced in 
tandem into the cervix and uterus for a dosage 
of 2,956.8 mg-hr. using 1.6 mm. silver and 0.2 
mm. platinum filtration in 2 mm. rubber tube; 
followed by 2,702 mg-hr. in vagina (3 sources), 
same filtration in 5 mm. hard rubber London 
type cylinder during next five days. 

Two days after completion of radium treat- 
ment, the patient began to have diarrhea, pain 
with defecation and blood in stools. These 
symptoms continued until hemorrhoidectomy 
on October 4, 1939. The patient was then free 
of bowel symptoms until January, 1940, when 
she noticed straining at stool and blood on 
outside of stool. Stools were formed and ribbon- 
like but frequent. 

Proctoscopy on April 1, 1940, showed rectal 
mucosa “beefy” red with bleeding points and a 
slight stricture 8 cm. from anus. Symptoms 
became progressively worse, and on April 17, 
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1940, a Devine colostomy was performed. Pa- 
tient was discharged on twelfth postoperative 
day in excellent condition. There has been no 
bleeding from rectum since. Last seen in Febru- 
ary, 1941, when she had no complaints except 
for diarrhea from colostomy when she tried 
foods not on her usual diet list. The lesion of the 
cervix had completely disappeared and no 
masses were felt in pelvis. Adnexa fairly pliable. 
A slight stricture was felt at the tip of the 
examining finger in the rectum. Proctoscopy 
showed rectal mucosa smooth and normal in 
color; the lumen at the stricture appeared to 
be about 2 cm. in diameter. Barium enema 
studies, however, failed to show any evidence 
of abnormality. Check-up bilateral pyelo- 
ureterograms made March 20, 1940, were again 
normal. It is intended to close the colostomy 
after a few months have elapsed. 


Comment. Even if this patient should de- 
velop obstruction again at some future 
time after closure of colostomy, re-estab- 
lishment of the colostomy is a relatively 
simple procedure with little risk to the 
patient. 


Extrinsic and Intrinsic Reactions with Autopsy 
Findings. 

Case 57 (Table 11). M. R., colored, aged 
fifty, was admitted January 12,- 1940, with 
complaint of profuse vaginal bleeding of 
twenty-four hours’ duration. Patient was not 
beyond the menopause and had passed small 
amounts of blood and clots irregularly for 
several years. Patient was taking “shots” in 
the arm in the Venereal Disease Clinic. 

General examination was essentially nega- 
tive, except for moderate anemia and positive 
Wassermann and Kline reactions. Red blood 
cell count 3,140,000, with a hemoglobin of 62 
per cent. The cervix was irregular and nodular 
and bled freely on manipulation. Uterus was 
enlarged and somewhat fixed. The fundus gave 
the impression of a smooth round mass of a 
hard woody consistency to the examiner. She 
was placed in clinical Group 1va and so classified 
in our tables. Pathologic diagnosis: squamous 
cell carcinoma Grade 3. It was found that the 
patient had been given adequate antisyphilitic 
treatment in the Venereal Disease Clinic from 
July, 1938, to June, 1940, and her spinal fluid 
Wassermann test was negative but her blood 
was Wassermann fast. 
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Fic. 8. Case 57. Bilateral retrograde pyelouretero- 
grams showing considerable hydronephrosis and 
hydroureter six months after treatment. Similar 
studies were normal at time of treatment. At 
autopsy only fibrosis was found obstructing the 
ureters. 


Roentgen therapy was started on the day of 
admission and it was decided to use four ex- 
ternal portals and the intravaginal cone for 
irradiating the cervix directly. The antero- 
posterior measurement just above the sym- 
physis pubis was 17 cm. For the external ir- 
radiation I mm. copper and 0.§ mm. aluminum 
filtration was used and a dose of 170 r was ad- 
ministered through each of two 15 by 15 cm. 
portals daily, except Sunday. The external 
series was completed on February 9, 1940, and 
a total of 8,024 r had been given through four 
portals. The physical factors for intravaginal 
therapy, which was administered from January 
12, 1940, to January 29, 1940, at the rate of 
350 r per day for a total of 5,250 r, were 200 kv. 
(peak), 18 ma., 45 cm. distance, 0.5 mm. copper 
and o.§ mm. aluminum filtration. The cone used 
was 4 cm. in diameter. Radium therapy on 
February 15, 1940, consisted of introduction of 
the four-chambered silver capsule (1 mm. 
platinum equivalent) into the uterus. Each of 
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Fic. 9. Case 57. Barium filling of colon showing 
marked irregular narrowing of rectum prior to 
colostomy. 


the two chambers high in the uterus contained 
23.1 mg. and each of the two within the cervix 
contained 29.7 mg. This was left in place ap- 
proximately twenty-nine and one-half hours 
and the dose calculated to be 3,106.8 mg-hr. 
On February 19, 1940, a single London type 
hard rubber capsule was placed against the 
cervix and 1,202.8 mg-hr. administered. Total 
radium dose therefore was 4,309.6 mg-hr. 
Bilateral pyeloureterograms made January 
31, 1940, were not abnormal. Similar studies 
July 31, 1940, demonstrated fairly marked 
dilatation of the left ureter and kidney pelvis 
(Fig. 8). Subjectively the patient enjoyed en- 
tirely satisfactory health, going about her usual 
work, during the six months following comple- 
tion of irradiation. Patient began, however, to 
feel weak and complained of pain in the anterior 
aspect of the left thigh in July, 1940. The cervix 
at this time was completely replaced by grayish 
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necrotic crater with some bleeding from the 
margins on distention of the vagina. A biopsy 
from the border of the crater demonstrated 
necrosis With subacute inflammation and fibro. 
sis. By rectal examination there was complete 
fixation of all structures, particularly on the 
left side. The rectum itself was negative to 
palpation. On the day following the pyelog- 
raphy on July 31, 1940 (Fig. 8), the patient had 
chills and fever and remained in bed for one 
week. She stated she had suffered considerable 
pain in the region of the left costovertebral 
angle, which was still present and for which 
ureteral dilatation provided relief. 

Because of the hydronephrosis which had de- 
veloped since preliminary treatment, it was 
decided that another pelvic series should be 
given and this was commenced on July 23, 
1940, and discontinued August 1, 1940, because 
of weakened condition of patient. Patient next 
seen October 1, 1940, when she had no com- 
plaints except that she stated she had had 
vaginal bleeding for one hour two days before 
and loss of strength. The vagina at this time 
was funnel shaped, the cervix completely de- 
stroyed and marked “epithélite’’ formation. 
The rectum itself was still negative. There was 
marked fixation and induration throughout left 
broad ligament. 

The bowel symptoms began early in Novem- 
ber, 1940, with bloody loose stools and pain in 
the lower abdomen. The passing of blood clots 
per rectum continued and on November 15, 
1940 examination of the colon with the aid of 
barium enema (Fig. 9) demonstrated extensive 
irregular narrowing of the entire rectum and 
distal sigmoid. Patient continued to pass blood 


Fic. 10. Case 57. Photograph of gross autopsy speci- 
men including rectum, portion of sigmoid, vagina, 
uterus and bladder at top. Marked third degree 
irradiation reaction of rectum. 
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clots from rectum and was hospitalized on 
December 6, 1940. Conservative local treat- 
ment was carried out without noticeable 
change. Devine’s colostomy of the transverse 
colon was performed on December 18, 1940. 
Patient began to have elevation of temperature, 
of aseptic type, on the day of the operation and 
this gradually rose until death on December 24, 
1940. 

At autopsy the entire peritoneal cavity was 
filled with purulent material which flowed 
freely from the incision. Both kidneys showed 
hydropyonephrosis. The sigmoid colon was seen 
to enter a hard mass (Fig. 10) within the pelvis 
which was found to contain rectum, vagina, 
uterus, bladder and surrounding tissues. It ap- 
peared that at least 30 cm. of the sigmoid colon 
and rectum had undergone necrosis and con- 
tained foul smelling, grayish-yellow material. 
In one area the serosa of the sigmoid had 
formed a large pocket containing this necrotic 
material. There was extensive fibrosis of the 
wall of the rectum, most marked at the level of 
the cervix. Sections from numerous blocks of 
tissue from all representative areas, including 
the lower ends of the ureters, failed to show any 
evidence of carcinoma. The photomicrograph 
shown in Figure 11 was taken from the wall of 
the distal sigmoid. The mucosa was eroded and 
ulcerated in multiple areas. It showed many 
infiltrating neutrocytes, lymphoid and plasma 
cells. Subserosa was markedly thickened and 
proliferation of intimal layers of blood vessels 
with narrowing of lumena was seen. No neo- 
plastic cells present. 


Comment. There was no palpable evi- 
dence of extension into the paracervical 
tissues at beginning of treatment. Urologi- 
cal studies at that time failed to show devi- 
ation from the normal. The cervical lesion 
was brought well under control but the 
ureters gradually dilated until finally hy- 
dronephrosis supervened. This suggests 
that the fibrosis found surrounding the 
ureters and elsewhere within the pelvis at 
autopsy resulted from the treatment. 

It has been our experience that patients 
with syphilis, particularly if inadequately 
treated, do not respond to radiation treat- 
ment of carcinoma of the cervix as well as 
those without syphilis. 
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SUMMARY AND CONCLUSIONS 


1. An individual variation in suscepti- 
bility exists in the ability of different pa- 
tients to tolerate radiation treatment. 

2. Detailed dosages and reactions are 
tabulated in 77 cases receiving roentgen 


Fic. 11. Case 57. Photomicrograph showing intimal 
proliferation, with adjacent fibrosis, representing 
irradiation effect in wall of rectum. No evidence of 
carcinoma. 


and radium treatment for cervical cancer. 
Some of the “‘no reaction”’ cases received 
more treatment than certain of those suf- 
fering third degree reactions. 

3. Even by staying well within limits of 
accepted dosage, reactions may occur sev- 
eral months or years later, without any 
immediate reaction after treatment. The 
symptoms of these late reactions may be 
mistaken for hopeless recurrence by other 
physicians. 

4. Radiation therapy of cancer of the 
cervix sufficient to eradicate the disease will 
produce clinical evidence of large bowel re- 
action in a high percentage of cases. Fifty- 
seven per cent in this series had bowel 
reaction varying from slight diarrhea to 
stricture formation. 

5. Reaction severe enough to demand 
colostomy occurred in 6 cases, or 7.9 per 
cent of 77 cases. 

6. Post-irradiation stricture of the distal 
large bowel, unlike ureteral stricture, is 
often temporary and always amenable to 
surgical treatment, except for the rare com- 
plication of fatal hemorrhage from the rec- 
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tum after colostomy. This did not occur in 
our series. 

7. Intractable diarrhea associated with 
second degree irradiation reaction of rec- 
tum or sigmoid will also yield to colostomy. 
The bowel should be put to rest by use of 
the Devine type of colostomy before the 
patient becomes emaciated, and the colos- 
tomy may be closed when the lesion is well 
healed. Twelve to eighteen months will 
suffice. 

8. There are two types of rectal and sig- 
moidal late reactions—extrinsic and _ in- 
trinsic. 

g. Both types of involvement show vas- 
cular occlusion as their chief histologic fea- 
ture, followed by infarction in the wall and 
mucosal ulceration and later fibrosis unless 
healing occurs before reaction becomes ad- 
vanced. Strictures form from organization 
of submucosal granulation tissue. There 
may be a combination of both reactions. 

10. Description of an autopsy is included 
in which evidence suggests that fibrosis suf- 
ficient to obstruct the ureters may occur 
as a result of radiation treatment. 
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11. In patients suffering second and 
third degree reaction, occasional bleeding 
from rectum may never entirely disappear, 


1101 Medical Arts Building 
Houston, Texas 
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THE EFFECT OF ROENTGEN RAYS UPON THE 
GROWING LONG BONES OF ALBINO RATS 


Il. HISTOPATHOLOGICAL 


CHANGES INVOLVING 


ENDOCHONDRAL GROWTH CENTERS* 


By CHARLES L. HINKEL, M.D., Mep. Sc.D. 


Walter Reed General Hospital 
WASHINGTON, D. C. 


HISTORICAL 


INCE the time of Perthes** (1903), who 

first demonstrated gross underdevelop- 
ment of osseous structures following roent- 
gen irradiation, many investigations have 
been carried out in this field. The first 
microscopic study of irradiated bones was 
reported by Recamier and Tribondeau.* 
They concluded that roentgen rays caused 
stunting of growth but that no histological 
changes were demonstrable. Salvetti** 
(1914), studying roentgen-ray effects upon 
fracture healing, stated that ‘“‘microscopic 
changes were not sharp.” Segale*® (1920) 
first described definite microscopic changes 
in the bones of young rats after doses of 7 
to 20 Holzknecht units of roentgen rays 
The changes consisted largely of disar- 
rangement of cartilage cells and were most 
marked after third degree skin burns. The 
author considered them permanent, with 
no tendency toward reparation. Hoffman,” 
three years later, showed the same disturbed 
microscopic picture in growing epiphyses 
following amounts of roentgen rays ex- 
ceeding one erythema dose. He also noted 
decalcification of the irradiated bones. De- 
scriptions of gamma- and roentgen-ray 
effects upon adult and adolescent diaphys- 
eal bone were supplied by Phemister® and 
Ewing’ (1926). The former described de- 
calcification and necrosis, while the latter 
showed the dense sclerosis of “radiation 
osteitis.” 

Brooks and Hillstrom* (1933) described 
characteristic microscopic changes of col- 
umn disorganization and retarded growth 
after only 40 per cent of an erythema dose 
in young rabbits. (1934-1936) 
carried out many excellent experimental 


studies on rats twelve to eighteen days of 
age. He found decreased vascularity and 
increased calcification in addition to the 
previously described changes in cellular 
arrangement. He correlated the micro- 
scopic changes with gross skin effects and 
discussed theories pertaining to cell func- 
tion and cartilage growth. Many bones re- 
ceiving large doses underwent decalcifica- 
tion, spontaneous fracture and sterilization 
of cartilage growth. Baunach? described 
“cartilage necrosis” in young rabbits after 
irradiation with 1,650 r in divided doses. 
Bisgard and Hunt*® (1936) found micro- 
scopic changes after doses only half as large 
as those required to stunt the bones of 
rabbits three to five weeks old, and stressed 
the lessening of effect produced by fraction- 
ation of the dose. 

Gall, Lingley and Hilcken® gave excel- 
lent descriptions of detailed microscopic 
changes at varying intervals after stunting 
doses of 200 and 1,000 kv. roentgen rays 
delivered to the legs of rats fifty-four days 
old. They concluded that the ultimate ef- 
fects produced were similar regardless of 
the type of rays used. 


PURPOSE 


Many, if not all, of these studies, despite 
contradictions, unconfirmed statements and 
reduplications, are of value today. The re- 
sults obtained and the microscopic appear- 
ances noted, vary with different techniques, 
species and ages of animals used, amounts 
of radiation administered, and the interval 
between irradiation and necropsy. Many 
of the same structural changes have been 
described by more than oné investigator, 
yet have been interpreted differently by 


* From the Department of Radiology of the Presbyterian Hospital and of the College of Physicians and Surgeons, Columbia 


University, New York, 


321 


Rie 
r 
. 
a- 
rl. 
1€ 
9, 
n. 
ee 
Zz, 
t- 
M. 
9, 
al 
ts 
’ 
ne 
J 
¥ 


322 


each. The interpretation of cellular changes 
is a highly individualistic function of each 
observer and constitutes one of the impor- 
tant reasons for the preparation of this 
paper. 

It is the purpose of this study to describe 
and, wherever possible, to explain the his- 
topathological changes accompanying vari- 
ous degrees of roentgen-induced stunting 
in rats of different ages. 


INTRODUCTION 


Sufficiently large amounts of roentgen 
or gamma rays bring about recognizable 
changes in every known kind of living 
cell.*:'* The cells comprising certain tissues 
are very resistant to irradiation while 
others are readily affected. It is interesting 
that not all cartilage cells are alike in this 
regard. 

Fibrocartilage and hyaline cartilage are 
resistant to large amounts of radiation.'® 
The cartilage columns in the ends of grow- 
ing bones, however, are remarkably in- 
fluenced by and can be modified by quanti- 
ties of roentgen rays which produce no 
grossly perceptible changes in the skin 
through which they pass. The cartilage in 
these locations is vitally concerned in the 
growth of the bone, and cellular change in 
cartilage is reflected in the bone produced. 
As Stump* has stated, “Bone formation is 
a secondary process of replacement and 
consolidation following in the wake of car- 
tilage growth.” 

In a previous publication™ I described 
the gross stunting of growing long bones 
following various amounts of roentgen ra- 
diation administered to rats from one day 
to six months of age. The present work is 
intended as a complement to the previous 
report as the histological material is, in 
large part, obtained from the same animals 
or their litter mates. 


GENERAL TECHNIQUE 


(abbreviated) 


Sherman strain albino rats of various 
ages were anesthetized, immobilized, and 
irradiated by a single dose of 200 kv., cop- 
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per filtered roentgen rays at one sitting, 
The irradiated field was 5 mm. in diameter 
and included the right distal femoral growth 
center. The left femur of each animal served 
as the unirradiated control. The details of 
technique, as well as the rationale for the 
same, have been previously published. 

In some litters all animals were irradiated 
equally, and one member sacrificed every 
few weeks for microscopic study while 
roentgenograms of the survivors were made 
at intervals in order to obtain growth 
curves. 

In other litters duplicates were run (i.e., 
each pair of animals received the same 
dose) and the doses for each set of dupli- 
cates were varied in order to study the 
effect of ascending amounts of radiation, 
In these experiments one animal from each 
pair was used for gross study while the 
other was sacrificed after appropriate peri- 
ods to permit histological observations. 

A considerable amount of the material 
here described was obtained when the 
growth studies were terminated, in some 
cases many months after the administra- 
tion of the roentgen rays. 

As the above mentioned necropsy ma- 
terial left some “gaps,”’ other litters were 
subsequently irradiated and sacrificed at 
appropriate times to provide a continuous 
series of sections from the day of irradiation 
until nine months thereafter. 


GENERAL PATHOLOGICAL TECHNIQUE 


Both hind legs were disarticulated at the 
hips, partially freed of soft tissues, and 
placed in separate bottles, Measurements 
were made by roentgenograms or calipers 
or both before fixation. The bones were 
then fixed in Zenker’s solution, decalcified 
by one of several standard methods, split 
longitudinally, imbedded in paraffin, sec- 
tioned at 6 micra and stained with hemo- 
toxylin and eosin except for special pur- 
poses, which are specifically mentioned. 

The arteries of a few animals were in- 
jected with India ink to identify blood 
vessels, while others received intraperito- 
neal trypan blue injections to facilitate 
identification of certain marrow cells. 
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BASIC ANATOMY AND PHYSIOLOGY 


The anatomy of the epiphysis, cartilage 
zone and metaphysis has been thoroughly 
studied and is so well known that no de- 
tailed description will be given here. The 
physiology of endochondral bone formation 
is not yet entirely understood and is being 
investigated in many ways. 

In order to simplify the following de- 
scriptive paragraphs and to avoid ambi- 
guity of terms, as well as for convenience 
in designation, a normal illustration from 
Dodds™:!6 is shown (Fig. 1). Because of 
the great care and completeness of Dodds’ 
work and his helpfulness in this study, we 
shall adopt the nomenclature and concepts 
of growth dynamics described in his writ- 
ings. 

As shown in Figure 1 there are five zones 
which can be readily recognized in actively 
growing cartilages. 

Zone 1. Lying subjacent to the epiphys- 
eal bone there is a narrow zone of “reserve 
cells” which divide to give rise to “‘row 
mother cells.” 

Zone 2. Columns of flattened discoid cells 
are formed by repeated divisions of the cells 
in Zone 1. This is the “zone of multiplica- 
tion.” 

Zone 3. In this portion of the cartilage 
columns there is no cell division but growth 
of each cell progresses until it has lost its 
discoid nature and has become more nearly 
polygonal. 

Zone 4. This zone is composed of fully 
grown cells and is usually only three to five 
cells wide. It is here that changes in the 
matrix occur and calcium salts are deposited 
in the longitudinal walls or septa between 
the orderly columns. The mineral salts are 
not deposited in the transverse septa of 
matrix between individual cells of the same 
column. 


Zone 5. Here the vascular tongues of 
marrow advance along the rows of carti- 
lage cells, removing the uncalcified trans- 
verse walls and liberating the cartilage cells 
from their lacunae. Some of the calcified 
longitudinal walls are subsequently re- 
moved but others remain as delicate tra- 
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beculae which act as the base upon which 
the developing new bone is formed. This 
“zone of chondroclasis” is narrow, as be- 
hind it comes the edge of advancing dia- 
physeal bone. Normally the calcification 


Epiphyseal bone. 


Muttipheation of cells. 
Flat cells, in columns, 


Growth of cells 
in Columns. 


Fully grown ceils. 
Cakcitication, 


§ Cartilage removal. 
Diaphyseal bone, 


Fic. 1. Photomicrograph of normal growing carti- 
lage. Five zones are described by G. S. Dodds, 
whose illustration is herewith reproduced from 
Am. F. Anat., 1938, 55, 139. 


advances into the cartilage columns only a 
few cell widths ahead of the marrow tongues 
which remove the cartilage. These proc- 
esses are well balanced and orderly so that 
there is a constant relationship between 
cell multiplication, cell growth, matrix cal- 
cification, chondroclasis and deposition of 
new bone. 
SECTION I 


ONE MINIMAL STUNTING DOSE 
AT ONE MONTH 


In the study of this material it soon be- 
came apparent that careful analysis of the 
histopathological changes was greatly com- 
plicated by several factors. These are: the 
amount of radiation, the age of the animal 
at the time of irradiation, and the length of 
the interval between irradiation and nec- 
ropsy. These factors influence each other 
and exert a profound effect upon the histo- 
logical changes in each section studied. 
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Fic. 2. Zone 7. Photomicrograph of Zone 1 and suprajacent epiphysis sixty hours after the administration 
of 600 r at thirty days of age (1 M.s.p.) (standard technique for Series 1). Animal No. 423. 260. Left, 
irradiated; right, control. The cartilage cells (O) on the irradiated side are swollen and granular. Some 
nuclei stain darkly, others scarcely at all. Within the epiphysis (top) the osteoblasts (X) are degenerating 
and no longer hug the bone trabeculae. A multinucleated giant cell is present at 4. Some of the cartilage 


cells of Zone 2 are included (C). 


It is desirable in presenting this material 
to avoid complicating factors as much as 
possible, and to this end a single group of 
animals (Section 1) will be presented first. 
In the experiments from which the material 
in this section was obtained, the age of all 
animals was thirty days. Only females of 
normal weight were used and the dose was 
constantly 600 r (1 minimal stunting dose) 
in one sitting. The findings noted at increas- 
ing intervals after irradiation are described 
in such a manner as to provide a continuous 
chronological record of the changes tran- 
spiring after irradiation under these condi- 
tions. This dose at thirty days of age pro- 
duces + 10 per cent stunting in the ensuing 
month. For calculation of percentage stunt- 
ing see footnote.* 


* Calculation of Percentage Stunting. As previously pointed out, 
the degree of stunting alone cannot be accepted or regarded as an 
accurate measurement of the irradiation effect because of the 
different rates of growth in animals of different ages. Stunting of 
3 mm. in a young animal is considered only a small amount be- 
cause the normal bone grows with such rapidity that it quickly 


HISTOPATHOLOGICAL CHANGES 
SIXTY HOURS AFTER 
IRRADIATION 


The cartilage zones show the following 
changes which, while not striking, are 
definite: 

1. The entire cartilage zone is increased 


outdistances its fellow. In older animals stunting of several milli- 
meters requires high doses of irradiation and may not become 
apparent for many months. 

For this reason, in speaking of the amount of stunting, we be- 
lieve that this should be expressed in terms of “percentage stunt- 
ing” on the basis of the number of millimeters which the normal 
(control) bone grew over the interval included in the observation, 

Calculation of the percentage of stunting: 

Example: Animal No. 85 

At the time of irradiation both femora measured 8 mm. (age 
2 weeks). 

At the time of necropsy the irradiated femur measured 22 mm. 
while the control was 33.5 (age 6+ months). 

Subtracting 8 mm. (original length) we see that the irradiated 
bone grew 14 mm. while the control grew 25.5 mm. That is, the 
control grew 11.5 mm. more than the irradiated femur in a period 
of six months, or the irradiated bone was stunted 11.5 mm. 

What percentage of the normal growth was the abnormal bone 
stunted? 


oo 100 equals the percentage 


= 45 per cent stunting in six months, 
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in thickness. This increase appears to be stain deeply. Here and there bizarre cells 

due to swelling of the cells. By actual count are seen, the nuclei of which are often mul- 

the average number of cartilage cells in a_ tiple. There is a narrow clear zone just 

column at this age in irradiated and con-_ within the lacunae of the chondrocytes and 

trol animals is twenty-eight or thirty with — the intercellular septa appear more distinct “f 

no consistent difference in the irradiated and darker staining than those of the con- 

and control bones. Zone 1 is definitely _ trols. 

widened (Fig. 2) and the cells, instead of In Zone 3 the cells show definite longi- 

being fusiform, finely granular and homo- tudinal derangement so that the columns, 

geneously stained, are shortened, swollen, while partially preserved, are crooked and 

coarsely granular and, while some stain in places interrupted. The cells are large, 

almost black, others are red. Many cells lie pale and swollen. In morphology, these re- 

singly instead of in pairs, and shortcolumns semble the cells usually found in Zone 4. 

and a few empty lacunae are in evidence. The lacunar margins are not rectangular 
2. In Zone 2 the cartilage cells, which but irregularly ovoid and stain deep purple. 

are arranged in small longitudinal groups There is an increase in the amount and 

of two to four, are very large and contain’ granularity of the interlacunar matrix 

prominent knots of chromatin in addition which is finely fibrillar (Fig. 5). 

to their nucleoli. While many of these cells Zone 4, which in the controls is about 

are normal in aspect some have a stellate three to five cells in width, is found to be 

appearance, and others are shrunken and _ about five to seven cell thicknesses wide. 
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™ Fic. 3. Zones ¢ and 5. Appearance three days after the administration of 600 r at thirty days of age (1 M.s.D.) 
Animal No. 504. 260 (Series 1). Left, irradiated; right, control. The large vacuolated cartilage cells (top) 
are being invaded by blood vessels and connective tissue cells. On the irradiated side, the cells are dis- 
arranged and no distinct vessels can be seen, although red blood cells are present at V. No osteoblasts are 
identifiable although they are numerous in the control (O). India ink has been injected into the arteries, 
but although channels are present in the control (/’) only a few granules of ink are present in the irradiated 
a bone. Phagocytic cells are seen in both (C). 


Fic. 4. Metcphyseal Region. One week after 6o. r 
at thirty days of age (1 M.s.p.) Series 1. (animal 
Hs. X 240). Large cartilage cells of Zone § are seen 
at C. The marrow (O) shows cellular destruction, 
derangement of osteoblasts and extravasated red 
blood corpuscles. Two well preserved cartilage 
cells within intact lacunae remain (B). There is 
advanced calcification of primary spicules (4). 


The cartilage cells are considerably en- 


larged, some attaining twice the size of 


normal. A partially “empty” appearance 
is common and this in some cells is aug- 
mented by absence of the nucleus. The 
matrix substance is distributed unevenly 
between the cells which themselves vary in 
size and alignment. The matrix is slightly 
more heavily calcified in the irradiated 
bones than those of the controls, but the 
base (proximal margin) of the former is less 
regular. Instead of a fairly uniform, abrupt 
transition to calcific matrix material in the 
intercolumnar septa, this is irregular. 

Zone ¢§ in the irradiated animals shows 
irregular chondrolysis and ragged perfora- 
tion of the transverse interlacunar septa 
with the resultant production of ‘fraying’ 
of the proximal cartilage margin. In some 
areas uneven sharp prolongations of unre- 
sorbed calcified matrix extend far proxi- 
mally into Zone §. In or adjacent to some of 
these are cartilage cells which have appar- 
ently escaped perforation and destruction. 
Conversely, extending distally from the 


diaphyseal bone, irregular spicules of bone 
and osteoid tissue are found. These appear 
to extend into the cartilage (Fig. 3). 

In the most proximal portion of Zone 5 
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and in the metaphysis where normally 
osteoblasts are found perched upon the 
longitudinal bony and osteoid spicules, 
other changes are noted. These consist of 
disorientation of the osteoblasts which no 
longer are arranged in orderly fashion along 
the margins of the osteoid prolongations, 
These cells are found free in the marrow 
spaces where they mix with the general 
marrow population. In many areas they are 
curled into circular groups of ten or more 
about what resemble small blood vessels. 
Some of these cells are swollen and others 
are slender and fiber-like with pyknotic 
nuclei, but the predominant form is tri- 
angular. By morphology in section, these 
cannot be differentiated from the usual 
fibroblasts or immature connective tissue 
cells which are normally found in this loca- 
tion (Fig. 3). 

In the marrow spaces the irradiation 
changes are readily apparent. There is hazi- 
ness of many cells, and swelling, pyknosis 
and karyolysis of the marrow constituents. 
Red blood corpuscles are found outside 
blood vessels, hemosiderin granules are 
present, and the entire diaphyseal and epi- 
physeal region is less thickly populated 
than the controls. 

The marrow changes, especially the de- 
pression of lymphocytes and normoblasts 
have been excellently described by 
others®:?7-?9-4 and will not be discussed here. 
The blood vessel growth and distribution 
will receive particular attention later. 

Although it is difficult to be certain at 
this stage, there is the impression that min- 
eralization is augmented in the diaphyseal 
region of the irradiated bones. The dia- 
physeal cortical bone shows no changes 
which can be definitely attributed to the 
irradiation at this stage. The periosteum, 
epiphyseal bone, hyaline cartilage and ex- 
tra-osseous tissues will not be discussed in 
this paper. 

There is no gross stunting at this interval. 


INTERVAL—ONE WEEK (FIG. 5) 


Seven days after irradiation the cartilage 
zone remains wider than that of the control 
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Fic. 5. Epiphyseal Cartilage. One week after 600 r at age of thirty days (1 M.s.p.). Animal No. 442. X11o. 
Left, irradiated; right, control. The bone has grown a normal amount in length but the cartilage cells are 
large, bizarre, poorly columnated and separated by bundles of fibrillar and granular matrix substance (4). 

The base of the columns is eroded irregularly and precocious mineralization has taken place in the 
metaphysis (bottom). The blood vessels (/’) have been injected with ink but this section is not of sufficient 
thickness to permit accurate comparison of these structures. They appear disturbed in the irradiated 


metaphysis. 


and contains three to four more cells per 
column. The cells of Zone 1 are predomi- 
nantly ovoid and normal in size. They have 
a tendency toward abnormal polarity, how- 
ever, and many lie parallel to the cartilage 
columns. 

Zones 2 and 3 show much more marked 
changes. These consist of swelling of the 
cells, disarrangement of the cartilage col- 
umns, widening of the intercolumnar spaces, 
increase in the amount and granularity of 
the intercellular matrix and some degree of 
segmentation of groups of chondrocytes 
into ovoid bundles. These bundles are de- 
limited by material which resembles that 
composing the lacunae. The cells them- 
selves show enlargement, marked granu- 
larity, a definite trend toward eosinophilia, 
bizarre forms and nuclear fragmentation. 
Here and there a cell strains red, is retracted 
from its lacuna and does not appear viable. 


Zone 4 contains many red staining cells 
and the same type of columnar disorgani- 
zation described above. These cells are 
greatly swollen, granular, vacuolated, and 
are separated by unusually basophilic 
lacunar walls which appear thicker and 
more prominent than normal. These are 
heavily impregnated with mineral matter. 
The number of cells in column here is 
markedly inconstant, varying from four 
(normal) to ten. This produces a scalloped 
appearance of the proximal margin of Zone 
4 and causes it to blend into Zone 5. Long, 
often crooked or branched extensions of un- 
resorbed cartilage cells appear to reach deep 
into the metaphysis. Many of the proximal 
cartilage columns are seen to be normally 
invaded by delicate blood vessels and con- 
nective tissue elements while in contiguous 
areas the cartilage cells remain unchanged 
and unresorbed. In most cases it is found 
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that these persistent cartilage columns are 
invested by a dense layer of mineralized 
matrix. This shell is unusually scalloped or 
eroded, but the transverse intercellular 
septa are readily identifiable. It is not in- 
frequent to find pairs or short chains of 
cartilage cells within intact lacunae, sev- 
eral cell widths proximal to the bases of the 
chondrocytes in Zone § (Fig. 4). 

Marked changes are apparent in the 
marrow adjacent to the proximal cartilage 
prolongations. In addition to the changes in 
the hematopoietic system, there is an in- 
crease in prominence of red blood corpus- 
cles and fat cells. There is a definite de- 
crease in the number of osteoblasts. Many 
remain in recognizable form, however, and 
these are shrunken, pyknotic, karyolytic 
and unevenly distributed. At this age, 
normally, these cells do not only line the 
bony and osteoid spicules but practically 
choke the spaces between them (Fig. 3, 
control). They are plump, pale staining, 
finely granular and somewhat more numer- 
ous about blood vessels. In the irradiated 
bones they are slender, dark staining, show 
ragged protoplasmic extensions and lie 
irregularly scattered in the narrow spaces. 
Commonly they form tight whorls resem- 
bling multinucleated giant cells. The num- 
ber of multinucleated cells, which are 
highly eosinophilic, is increased over the 
normal. They probably are macrophages 
as they take up trypan blue dye as pre- 
viously shown.*:*° 

Osteoid tissue is found in the irradiated 
metaphyses but it appears to be decreased 
in amount and unevenly distributed. It 
sometimes constitutes a thick layer along 
one side of a bony spicule while the other 
side is uncovered. 

The metaphyseal bone on the treated 
side shows certain interesting modifications. 
The bony spicules are broader, contain 
more blue staining mineral material and 
bear a closer resemblance to calcified carti- 
lage cells than do those of the controls. They 
are branched, often fused, and show less 
regularity of spacing length and direction 
than normal. Here and there bony islands 
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are found within which the calcified trans- 
verse and longitudinal lacunar walls of the 
obsolete cartilage cells stand out sharply. 
Another prominent feature is the presence 
of large plaques of heavily calcified, acel- 
lular matrix substance. Usually this is sur- 
rounded by a thin layer of osteoid tissue 
but in some instances these dense deposits 
are in direct contact with the marrow ele- 
ments. The marrow cells at this time show 
active regeneration which is progressive 
hereafter. 

Gross measurements at this interval 
show no stunting. It seems that the abnor- 
mal appearance is not associated with im- 
paired growth function, although both 
femora have grown about 4 mm. since ir- 
radiation. 


INTERVAL—TWO WEEKS (FIG. 6) 


Two weeks after irradiation the width of 
the cartilage zone is normal except for the 
central fifth which is wide. 

Zone I is not unusual. 

Zone 2 appears to be divided into ovoid 
compartments delimited by pale staining 
fibrillar material. Within these compart- 
ments the cartilage cells are clustered 
closely. The cells are abnormal in appear- 
ance, show lack of columnar arrangement 
and contain prominent nuclear chromatin 
knots. Mitotic figures are so rarely found 
that they cannot be depended upon as an 
index of cellular activity. 

Between the ovoid groups of cells the 
matrix substance forms large, deeply stain- 
ing islands and wide bands which are much 
more prominent and presumably more 
heavily calcified than normal. 

Zones 3 and 4 show some tendency to re- 
turn toward columnar orientation of the 
cartilage cells but they are still irregular. 
The individual cells are larger than normal 
and show the heterogeny of staining, gran- 
ularity and evidences of senescence de- 
scribed above. 

In the central fifth of the epiphyseal car- 
tilage plate it is evident that Zones 3 and 4 
have still the appearance described at one 
week after treatment. There is little resem- 
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Fic. 6. Proximal Cartilage Zone and Metaphysis. Appeararce two weeks after 600 r at age of thirty days 
(1 m.s.p.). Animal No. 414. 110. Left, irradiated; right, control. Extending downward from Zone 5 (C) 
there is a broad finger-like process of unresorbed chondrocytes (8). This is in the mid-portion of the 
metaphysis, farthest from the blood supply. This is an exaggerated “cartilage tail” and is enclosed almost 
entirely by a rim of mineralized matrix. Mineralization of the primary trabeculae is heavy (X). 


blance to the normal appearance or ar- 
rangement of cells and the thickness of the 
cartilage in the region is increased by about 
30 per cent. This portion of the epiphyseal 
cartilage is farthest from the periosteal 
blood supply and is presumably the most 
poorly nourished. 

In Zones 3, 4 and § also, the areas of 
fibrillar matrix substance are prominent. 
These appear to fill in the abnormally wide 
interstices between the irregularly spaced, 
crooked columns of cartilage cells. 

Minerals are deposited in the usual fash- 
ion within the intercellular matrix of Zone 
4, and in Zone § chondroclasis appears 
more orderly and more active but still defi- 
cient. The line between the large clear car- 
tilage cells and the marrow spaces 1s 
irregularly jagged and, in certain areas, 
long irregular cartilage columns penetrate 
variable distances into the marrow cavity 
(Fig. 6). These cartilaginous extensions are 
not as numerous as those at one week but 
are considerably longer. Occasionally such a 
cartilage column appears almost intact, 
straight and uneroded. For convenience 


these are subsequently referred to as “car- 
tilage tails.” More frequently, however, 
portions of such columnar “‘tails”’ are found 
distributed in the diaphyseal region where 
normally non-cartilaginous bone spicules 
are being formed. Another type of prolong- 
ation which appears to extend proximally 
from the epiphyseal zone is that composed 
of totally acellular, calcium containing 
matrix material. Sometimes such prolonga- 
tions fill the spaces between cartilage col- 
umns but frequently they are in contact 
with only marrow cells or vessels. 

At this interval a marked change and re- 
generation are noted in the marrow cells, 
although there is still an increase in the 
amount of fat. Osteoblasts are now numer- 
ous and many are again found lining the 
spicules of bone and filling the intertra- 
becular spaces. Few of these appear abnor- 
mal either as to morphology or grouping. 
The fusion of osteoblasts described above 
is not present and the number of multi- 
nucleated cells is within normal limits 

The metaphyseal new bone is of interest. 
It has a markedly irregular pattern to 


he 


330 Charles L. Hinkel 


which the following changes contribute: 

(a) The above mentioned cartilaginous 
and matrix prolongations extend more or 
less deeply into this region. 

(b) The width of the longitudinal bone 
trabeculae varies from two to five cells 
abreast. 

(c) The direction of the trabeculae is ab- 
normal, with many branching oblique and 
transverse trabeculae. 

(d) Throughout the calcified new bone 
the pattern of the preformed cartilage is 
very clear, giving rise to a mosaic made up 
of large cell outlines which are calcified 
about their peripheries (Fig. 6 and 7). 
Many of these cells stain pink, some un- 
questionably represent previously formed 
osteoid tissue, but others are unmistakable 
cartilage cells. 

(e) Scattered throughout the distal 1-2 
mm. of diaphyseal bone, cartilage cells are 
found singly in pairs and short columns. 
Some of these cells show evidence of death 
or degeneration but others appear intact 
and morphologically normal. In most in- 
stances these isolated unresorbed cartilage 
cells are surrounded by a layer of calcified 
matrix. 

(f) The above mentioned islands of cal- 
cified matrix are found extending several 
millimeters proximal to the epiphyseal line. 

It is of interest that this peculiarly ab- 
normal metaphyseal bone stops sharply 
about 2 mm. proximal to the cartilage plate. 
The diaphysis itself appears perfectly nor- 
mal. Gross length measurements at this 
interval show a little less than 1 mm. of 
stunting of the irradiated bone. If it is as- 
sumed that this abnormal 2 mm. of meta- 
physeal bone is a result of the irradiation 
then it appears that longitudinal growth, 
although impaired, has continued despite 
the morphological abnormalities. 


INTERVAL——-ONE MONTH 


One month after the irradiation injury 
there is a marked return toward a normal 
appearance of the cartilage zones. In Zone 
1 no distinct abnormality can be made out. 

Zones 2 and 3 show a definite columnar 
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arrangement of the individual cells. The 
columns.are not as straight as those of the 
control and appear tortuous or interwoven, 
The intercolumnar matrix material is more 
prominent than normal, dividing the cartj- 
lage cells into more or less isolated groups or 
bands. Here and there one finds a cell 
which stains red or brown, but in general the 
normal morphological characteristics of 
active cartilage cells are found. Frequently 
the flattened disc-shaped cells of Zone 2 
appear concave on the side toward the 
epiphysis and a considerable number lie ob- 
liquely instead of in a plane perpendicular 
to the long axis of the bone as a whole. In- 
frequently one finds a huge, bubble-like 
cartilage cell surrounded by dense deep- 
staining matrix (Fig. 7). Usually such 
“cells” contain no recognizable nucleus or 
organized protoplasm, but occasionally 
they are found to contain two or more nu- 
clei. Infrequent bizarre and pleomorphic 
cells are seen which are similar to those 
described earlier. 

The abnormalities in Zones 4 and § are 
similar in nature to those described two 
weeks after exposure. The deviations from 
normal are less striking but extend a greater 
distance into the diaphysis at this time. 

There is no longer a definite increase in 
the number of cartilage cells or length of 
the columns, but the blue staining matrix 
substance extends into the metaphysis in 
an irregular fashion, often surrounding a 
“tail” of cartilage cells which have retained 
their lacunae and staining qualities. 

As a general rule, except for the matrix 
prolongations which are heavily mineral- 
ized, the zones of calcification and chondro- 
clasis are quite normal in appearance. Deli- 
cate blood capillaries are found abutting 
upon the cartilage columns and the normal 
marrow elements (hematopoietic, fibro- 
blastic, osteoblastic and endothelial) are 
found filling the spaces between the spic- 
ules of calcified matrix, osteoid, and new 
bone. 

The outstanding abnormality is now 
found in the metaphyseal and diaphyseal 
new bone which is unevenly spaced and 
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>, Cartilage Zone One Month after Irradiation. Appearance one month after the administration of 600 r 


at age of thirty days (1 M.s.p.). Animal No. 415. X110. Left, irradiated; right, contro]. The cartilage 
columns are still irregular and some cells are bizarre (4). The apparent increase in thickness of the cartilage 
plate is due to tardy chondroclasis of the “tails” at C. Although the blood vessels are not as straight and 
readily seen as those of the control (B/’), they are numerous and appear to approach the cartilage columns 


as they should. 


composed of spicules considerably wider 
and longer than normal. Within these 
heavy trabeculae the cell outlines of pre- 
existing cartilage cells are discernible due 
to the residual blue staining intercellular 
substance, producing a mosaic of trans- 
verse and longitudinal lines. The entire 
metaphysis of the irradiated bones is more 
heavily ossified than the same region of the 
controls (Fig. 7). 

In almost every section from irradiated 
bones, a few recognizable cartilage cells are 
found incorporated within the cortical 
bone of the diaphyses several millimeters 
proximal to the epiphyseal line (Fig 11). 
Occasionally at such a location one may 
find unmistakable cartilage remnants or 
imprisoned cells distributed in linear fash- 
ion across the diaphysis, delimiting the 
normal zone from the abnormal. In the 
light of subsequent findings this vague line 
probably represents what, was once the 


epiphyseal cartilage. 

Gross measurements at this interval 
show between 1 and 1.5 mm. stunting of 
the irradiated femora. 


INTERVAL——-SIX WEEKS 


Six weeks after irradiation the appear- 
ance is much like that at one month. The 
cartilage colunns are still deranged; the 
matrix substance is increased and heavily 
calcified; the hypertrophied cells of Zones 4 
and 5 are large and at times atypical, con- 
taining eosinophilic cytoplasmic and nu- 
clear inclusions, and chondroclasis is spotty 
and incomplete. The diaphyseal bone is 
abnormal in pattern and within its thick 
spicules vestigial cartilage cells appear. 
Osteoblasts and osteoid tissue line the bony 
spicules and the marrow appears normal as 
to constituents (except for, slight increase 
in the number of fat cells). Delicate, normal 
appearing blood vessels filled with red 
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Fic. 8. Growing Cartilage Zones Two Months after Irradiation. Series 1. Irradiated with 600 r at thirty days 
of age (1 M.s.p.). Animal No. 303. X110. Left, irradiated; right, control. The cartilage zone is wider in the 
irradiated bone, but columnation has been restored, the cells are practically normal in appearance, and 
there are but minor differences in the two pictures. Gross measurements show 1.5 mm. stunting of the 
irradiated femur at this interval, but the growth curve has returned to normal. 


blood cells are found in approximately nor- 
mal numbers and these extend distally to 
reach the zone of chondroclasis everywhere 
except in the areas where cartilage has not 
been destroyed. The atypical metaphyseal 
bone is now found to extend several mill- 
meters farther proximal to the cartilage 
zone than it did two weeks earlier. This is 
evidently due to continued or resumed 
growth activity in a distal direction. 
Gross measurements show that in the six 
weeks since irradiation the control femora 
have grown an average of 10.1 mm. while 
the irradiated ones have grown +8.4 mm. 
(approximately 17 per cent stunting). 


INTERVAL——-TWO MONTHS 


Two months after irradiation there is al- 
most complete restoration of the columnar 
arrangement of the cartilage cells (Fig. 8). 
The marrow appears normal even to the fat 
content. Certain residual abnormalities are 
apparent, but these are noticed only on 


careful scrutiny. They consist of: 

(a) Some irregularity in size and shape of 
cartilage cells and their nuclei, with a tend- 
ency toward large cells. Zones 4 and's are 
slightly wider than normal due to the pres- 
ence of one or two excess large cells at the 
bases of the columns. 

(b) Blunting or clubbing of the growing 
cells in Zone 2, which are separated by wide 
strands of matrix. 


(c) A few irregularly distributed short. 


and infrequent long “cartilage tails’’ per- 
sist in situations where chondroclasis is 
imperfect. 

(d) The matrix is more prominent than 
normal and heavily calcified, forming dense 
finger-like processes which extend proxi- 
mally into the metaphyseal zone. 

(e) Prominent, wide, calcified trabeculae 
of new bone in the metaphysis. In this new 
bone one can no longer identify unresorbed 
cartilage cells as such, although the mosaic 
which is present suggests that they may 


, 
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have been incorporated within the trabec- 


ulae. 
LONGER INTERVALS 


At intervals of three months or more 
there has been such nearly perfect restora- 
tion of normal structure and function that 
description is not justifiable. The gross 
changes resulting from the irradiation have 
been described elsewhere. 


SECTION II 


FACTORS DETERMINING HISTO- 
PATHOLOGICAL CHANGES IN 
HETEROGENEOUS MATERIAL 


In the preceding section an effort was 
made to avoid complications by studying 
the changes observed under standard con- 
ditions of age, sex, weight and dose. Before 
going on to a more general and diversified 
consideration of the material at hand it is 
well to examine the factors which govern 
the microscopic findings in any given sec- 
tion, and consider how they exert second- 
ary effects upon each other. These factors 
in order of probable importance are: 

1. Dose. 

2. Age of animal at time of irradiation. 

3. Length of interval between irradiation 
and necropsy. 

4. Other factors. 


Explanation 


1. In animals the same age the effect is 
proportional to the dose administered, both 
in gross stunting and microscopic changes. 
This is not true if the dose is high enough 
to produce irreversible changes in the 
growth zones. As Gall, Lingley and Hilcken” 
have mentioned, after maximal changes are 
produced no additional increase in amount 
of irradiation will produce proportionately 
greater changes. No definite maximal dose 
can thus be stated, for this depends upon 
the age of animals used. The minimal dose 
is also considerably different for animals of 
different ages, but in most cases is about 
20 per cent smaller than the minimal dose 
required to produce grossly appreciable 
stunting. As I have previously suggested,”4 
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an expression of dosage for these animals in 
terms of roentgens alone is of limited value 
unless the reader knows how many roent- 
gens are needed to produce stunting or his- 
tologic abnormalities. For our present pur- 
pose it is preferable to express the dose in 
terms of minimal stunting doses (M.s.D.) as 
well as in roentgens, for this takes into ac- 
count the age of the animal. 

2. Age. In general the degree of micro- 
scopic and gross change is inversely propor- 
tional to the age of the animal irradiated. 
This is not true at ages of less than one 
week, however, as at this time much of the 
growth zone is poorly organized and the 
columnar arrangement is incomplete. At 
these early ages the changes are less marked 
than one might expect. It was found™ that 
stunting at this age occurred only after 
doses of considerable size (500 r). In ani- 
mals over four or five months the amount 
of irradiation required to stunt the bone (1 
M.S.D.) is found to be very close to that 
which produces irreversible changes in the 
cartilage, bone marrow and probably in the 
end blood vessels. Of course the minimal 
stunting dose at these ages is high (1,600 to 
2,000 r). It may be that the recuperative or 
regenerative powers decrease with advanc- 
ing age. Another effect dependent upon the 
age of the animal is the rapidity with which 
the typical changes appear. In young ani- 
mals the irradiation changes are apparent 
on section at sixty hours or earlier, but in 
older ages receiving at least I or more 
M.S.D. the changes do not appear for a week 
to ten days and the evolution of the changes 
is much slower. This peculiarity may give 
rise to difficulties of interpretation, i.e., if 
one irradiates a group of animals at differ- 
ent ages on the same day, giving doses ade- 
quate to produce certain changes, and then 
kills all the animals on the third day he will 
find marked changes in the younger bones 
and practically normal architecture in the 
older ones. Another reason for being con- 
cerned with the age of the animal is the fact 
that the cellular architecture changes 
markedly as the animal grows older; es- 
pecially is this true after the period of ac- 
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tive growth is passed. In normal animals 
seven to ten months of age the cartilage 
columns are irregular, tapering, tortuous, 
irregularly calcified, and perhaps somewhat 
ragged. This of course modifies the so- 
called “normal” appearance with which 
the irradiated bones are to be compared. It 
is for this reason that in this paper the con- 
tralateral femur of each animal is eo in 
order that it may serve as the “‘normal”’ 

the same age. 

3. The length of the interval between the 
irradiation and necropsy is a more obvious 
variable factor. If an animal is killed too 
early the characteristic microscopic changes 
may not have had time to develop. This 
time is modified, as above noted, by the 
age. If the interval is long, there may have 
been more or less complete reparative 
changes with restoration of the normal his- 
tological appearance. As above noted, the 
age and dose are important in determining 
the rapidity and completeness of repair 
and regeneration. 
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4. Other factors. Although not yet con- 
firmed it is possible that factors, such as 
general state of health, body weight, sex, 
level of metabolism, rapidity of growth, 
and presence or absence of dehydration, 
may influence the gross and microscopic 
response to irradiation. This question will 
be dealt with in a subsequent report. 

Obviously in a paper of this nature, con- 
servation of space prohibits detailed de- 
scription of the microscopic changes ob- 
served following small, intermediate and 
large doses of ieemdinebaes after short, inter- 
mediate and long intervals in animals in 
infancy, puberty and adult life. Since some 
knowledge of these changes is necessary for 
a grasp of the entire subject and since 
some interesting findings have come to 
light, a few illustrative examples will be 
given together with very short descriptive 
paragraphs. It is sometimes possible to 
learn certain things pertaining to normal 
physiology by studying the abnormalities 
induced by a specific agent such as radia- 


Fic. 9. Post-Irradiation Changes in a Young Animal. Appearance four days after the administration of 1,000f 
(2 M.s.p.) at the age of two weeks. Animal No. K6. X 110. Left, irradiated; right, control. The epiphyseal 
cartilage of the irradiated femur is greatly swollen and there is an excess of fibrillar matrix. Within the 
epiphysis (4) the marrow fat is increased. In the metaphysis (X) cellular disarrangement is present and 


the calcified spicules lack normal! parallelism. 
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tion. Some unusual manifestations will be 
commented upon below. 


PATHOLOGIC HISTOLOGY IN 
ANIMALS IRRADIATED 
VERY YOUNG 


In animals irradiated under one month 
of age, microscopic changes are noted as 
early as forty-eight hours after irradiation 
(1 M.s.D.). The changes are very similar to 
those described in Section 1 and will not be 
reviewed in detail. At this age the cartilage 
columns are very long and the marrow ele- 
ments and blood vessels in the metaphyseal 
zone are richer than at any other time. For 
this reason, apparently, the changes are 
very marked on cartilage, new bone, blood 
vessels and marrow cells. Figure 9 shows 
marked swelling and cellular derangement 
of the cartilage and marrow. The recupera- 
tive processes, however, are most active in 
animals of this age group and these may be 
recognized within a few days of the irradia- 
tion, seemingly synchronous with the de- 


Fic. 10. Recovery after Heavy Irradiation in In- 
fancy. Irradiated with 1,000 r (2 M.s.p.) at eleven 
days of age. Section made eight months later. x 40. 
Animal No. 86. The marrow, blood vessels and 
epiphyseal cartilage are all normal for an animal of 
this age. The bone trabeculae are, however, heav- 
ier than normal and a typical nest of cartilage cells 
has been incorporated into the bone at K. 
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Fic. 11. Cartilage Cells, Trapped within the Cortical 
Bone of the Diaphysis. This animal received 500 r 
at two weeks of age (1 M.s.p.). The section made 
three months later shows several well preserved 
chondrocytes (C) incorporated into the shaft (B) 
4 mm. proximal to the epiphyseal line. Animal 
No. S2. X 240. 


structive effects. The rapid regeneration is 
most readily recognized in the marrow cells, 
which show only a very transient diminu- 
tion in number. Animals irradiated when . 
one day of age showed 16 to 20 per cent 
gross stunting when sacrificed three months 
later, but microscopically at necropsy the 
cartilage, bone, marrow and vessels ap- 
peared entirely normal. 

An interesting feature in this age group 
is the tolerance of the tissues to excessively 
high doses. Animals irradiated with as 
much as 3 M.s.p. at the age of eleven days 
(infancy) developed marked stunting (as 
much as 4 per cent), yet when the bones 
were examined by section six months or 
more later there was practically no abnor- 
mality of the cartilage of the growing femur 
which had been so heavily’irradiated (Fig. 
10). In such bones, of course, it is possible 
to find residual effects of the irradiation, 


= 
“ 
are 


Charles L. Hinkel 


Fic. 12. Regeneration of Epiphyseal Cartilage. Animal No. 101 received 1,350 r at six weeks of age (1.5 M.s.D.)- 
The section was made three and a half months later. X110. Left, irradiated; right, control. Club-shaped 
groups of chondrocytes (8) are growing in an environment of excess matrix. “Cartilage tails” have not yet 
been entirely resorbed (C). Zone 1 shows proliferative activity of the cells at X. 


either in the fat or fibrosis of the marrow or 
abnormally laid down diaphyseal bone 
proximal to the cartilage zone. When these 
distinctive abnormalities are found several 
millimeters proximal to the epiphyseal car- 
tilage, it is assumed that these several 
millimeters of bone distal to the changes 
grew subsequent to the irradiation (Fig. 14 
and 18). Figure 11 shows cartilaginous rem- 
nants within the diaphyses 4 mm. proximal 
to the growing cartilage. 


ANIMALS IRRADIATED ONE AND ONE- 
HALF TO THREE MONTHS OF AGE 


Animals one and one-half to three months 
of age at the time of irradiation show effects 
of irradiation and changes of growth phys- 
iology intermediate between those just 
described and those of the older age group 
which will be taken up next. A typical ex- 
ample is seen in Figure 12 which is a section 
of a femur irradiated with 1.5 M.s.D. at six 
weeks of age. The animal was sacrificed 
three and one-half months later. This ani- 
mal showed 15 per cent stunting but was 


growing again at the time of necropsy. In 
spite of the obviously abnormal appearing 
cartilage zone there is gross and micro- 
scopic evidence of growth activity and car- 
tilage proliferation. There has been a defi- 
nite return toward columnar arrangement 
although the cartilage cells are clustered in 
club-shaped groups separated by wide nia- 
trix bands. The individual cells vary in size, 
shape and staining qualities, imparting a 
very abnormal appearance to the epiphys- 
eal cartilage. It is noteworthy, however, 
that chondroclasis, although imperfect, is 
going on, the vascular tongues and marrow 
cells extend to Zone 4 and new diaphyseal 
bone has been laid down, imprisoning a 
number of scattered, unresorbed chondro- 
cytes. All of these findings, together with 
grossly measurable growth in length, indi- 
catea partial return of the rormal processes 
of endochondral growth function. When 
the interval is lengthened several more 
months before necropsy there is even more 
complete recuperation. 

In Figure 14 (low power photomicro- 
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graph) there is unquestionable evidence of 
resumption of growth and return toward 
normal histology. Here injured cartilage 
cells form an almost complete transverse 
band across the diaphysis at C1. The ac- 
tively growing cartilage zone has advanced 
to position C2. Higher power studies of 
these two zones (Fig. 15 and 16) show the 
imprisoned and partially ossified cells of C1 
and the resumption of columnation, vessel 
invasion and osteoblastic activity of C2. 

If the dose is raised sufficiently to more 
severely injure the cells of this region, then 
this return of normal physiology is delayed. 

Figure 13 shows the interesting appear- 
ance of the abnormal cartilage zone, fatty 
fibrosed marrow, and bony sclerosis of the 
metaphyseal region in a bone which re- 
ceived 2 M.s.D. at two and one half-months 
of age. The section was made at the age of 
five months. The cartilage represented by 
bizarre cells, almost all of which are larger 
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than normal and appear hypertrophic or 
senescent. Zones 4 and § are not distinctly 
identifiable as the cells in them are of the 
same variety. The base of the cartilage zone 
is sharply outlined by a dense calcific line, 
which is also seen outlining some of the 
thick, dense trabeculae of new bone in the 
metaphysis. Within the fatty marrow only 
a few cells are seen but these do not appear 
abnormal. There are blood vessels near the 
cartilage zone but these are larger than any 
normal vessels ever found in this location 
and appear more like vascular lakes than 
true vessels. No normal, delicate, linear, 
thin-walled capillaries are found in the 
situations in which they belong. No recog- 
nizable osteoblasts or osteoclasts are pres- 
ent in the irradiated area, and the spicules 
of new bone are not lined in the usual fash- 
ion by osteoid tissue. Serial roentgenograms 
show that this bone was stunted go per cent 
in the two and one-half months following 


Fic. 13. Marked Injury to Cartilage, Marrow and Blood Vessels. This animal received 2,000 r at age of two 
and a half months (1.66 M.s.p.). Section made two and a half months later. Animal No. 224. X11o. Left, 
irradiated; right, control. The abnormal cartilage of Zones 4 and 5 is shown at 4. A narrow line of densely 
mineralized tissue separates the cartilage from the marrow. A similar line bounds the heavy bone tra- 
beculae (C) of the metaphysis. The marrow (£) is fatty. Three large lake-like blood vessels (V’) are in the 
marrow but none approach the cartilage. Growth at this time has not been resumed. 
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Fic. 14. Double Epiphyseal Line Found after Growth Resumption. Animal No. 253 received 1,500 r at three 
and a half months of age (1 M.s.p.). Section made two and a half months later. go. Left, irradiated; 
right, control. Remnants of what was probably once the active epiphyseal line at the time of irradiation 
are seen at C;. These cells extend across what is now the diaphysis. Due to regeneration and distal migra- 
tion of the growing epiphyseal line, growth is now going on at C2. Gross measurements by roentgenograms 
show that the irradiated femur is growing more slowly than the control. 


irradiation. Microscopically, however, there 
is evidence of cellular activity and car- 
tilage growth in Zone 1, and litter mates 
of this animal which were allowed to live 
longer show more evidences of recovery. 


IRRADIATED AT AGES FOUR TO 
SIX MONTHS 


Animals treated at from four to six 
months of age react somewhat differently 
to irradiation and present certain interest- 
ing findings. 

In this age group the amount of roentgen 
radiation required to produce measurable 
stunting is quite large (1,600~—2,000 r) and, 
as might be expected, such doses cause 
marked marrow, fatty and vascular changes. 
In some cases atrophy of the marrow cells, 
increased marrow fat and destruction of 
the intraosseous capillaries are found with- 
out the production of measurable stunting. 
Doses capable of stunting growth produce 
cartilage changes in general similar to those 


of the younger ages but the excess matrix 
calcification, formation of “‘cartilage tails,” 
widening of the cartilage zone and disturb- 
ances of columnar arrangement are not as 
striking. Here the most marked effect is on 
Zones 1 and 2 which become almost free of 
proliferating cells, while Zones 3, 4 and § do 
not show much disturbance. One or two 
months later the cartilage zone looks dis- 
tinctly abnormal (Fig. 17) but the colum- 
nar arrangement is retained and by this 
time there is definite proliferative activity 
in Zones 1 and 2. At about this interval ora 
little later it is notable that the cartilage 
zone is bounded proximally and distally by 
very dense bone. This appears to “hem in” 
the cartilage and to bound the margins of 
the trabeculae near by. These trabeculae 
are not covered by osteoblasts or osteoid 
tissue as they normally are. 

The marrow changes are not necessarily 
permanent, for in animals irradiated as late 
as four and one-half months sections two 
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and one-half months later show almost 
complete regeneration of the marrow with 
persistence of the abnormal cartilage zones. 
The cells of the latter stain poorly and vary 
in size and shape, but tend to be larger 
than normal. Many of the bizarre cartilage 
cells contain eosinophilic cytoplasmic in- 
clusions similar to those described earlier 
(Fig. 12, 13 and 17). These unusual looking 
cells are distributed somewhat irregularly 
in an excessive amount of pink staining 
matrix substance, but there is partial re- 
tention of the normal columnation. 

The proximal margin of the cartilage 
zone in such animals is not serrated and 
invaded by marrow cells and blood vessels 
but ends abruptly in the dense transverse 
bony plate mentioned above. There are no 
true hypertrophic cartilage cells of Zones 4 
and 5 and there appears to be little or no 
activity at the bases of the columns while 


proliferation is unquestionably going on in 
Zone 1. This is so marked in some speci- 
mens that Zone I constitutes almost 50 per 
cent of the entire cartilage thickness. These 
active cells are small, normal staining, 
grouped in twos and threes in the plentiful 
matrix, and bear a definite resemblance to 
hyaline cartilage cells (Fig. 18). At this 
interval there is no abnormal, newly formed 
diaphyseal bone, and the assumption is 
that little or no growth in length has taken 
place. (Gross measurements also show that 
the stunting plateau at this age is two to 
three months.) 

At longer intervals after irradiation (4-9 
months) other interesting manifestations 
are found. If the dose has not been exces- 
sive there is progressive reappearance of 
the normal marrow constituents although 
some excess fat always persists. 

The activity of the cells in Zone 1 appears 


Fic. 15. Photomicrograph of Zone C, in Figure 14. 
X 260. The chondrocytes have in part been ossified 
(B) although some retain their chondroid charac- 
teristics (C). This zone is bounded by normal mar- 
row cells (O). There is no evidence of regeneration 
of growth among these chondrocytes and they are 
probably being converted into bone. 


Fic. 16. Photomicrograph of the Growing Epiphyseal 
Line Cz in Figure 14. X260. These cartilage cells 
probably represent the survivors of the irradiation 
injury. They have migrated distally, reformed 
columns, and are carrying on the growth function. 
Vessels, osteoblasts and other marrow cells are 
clustered about the columns at V’. 
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Fic. 17. Bone Irradiated Well Past the Age of Active Growth. Animal No. 62 received 2,500 r (1 M.s.D.) at the 
age of six and a half months. Section was made two and a half months later. 110. Left, irradiated; right, 
control. The epiphyseal bone is knurled and sclerotic (E); the marrow is fatty, avascular, fibrosed and sep- 
arated from the abnormal cartilage (C;) by a densely mineralized line (X). In spite of these marked changes 
young proliferating chondrocytes are found at C2. This proliferating zone is wider and more active in the 
irradiated femur than in the control. If sufficient time had elapsed for the cells of C; to migrate, this section 


would presumably resemble Figure 14. 


to result in distal progression of the carti- 
lage zone, but in most cases these new cells 
fail to take on the true columnar arrange- 
ment of growing younger bones. The “‘hya- 
line-like’”” appearance persists with some 
tendency toward the formation of short 
columns only. Those cells farthest from the 
advancing margin are larger than those of 
Zone 1, yet their septa are not calcified in 
the normal manner and they are not sub- 
jected to normal chondroclasis at the bases 
of the colunns. 

Adjacent to these larger cells, instead of 
a zone of active marrow elements and bud- 
ding capillaries, there is again found the 
densely calcified, transversely lamellated 
bone which appears to segregate the carti- 
lage band from the marrow cavity (Fig. 13 
and 17). Next to this dense transverse bone, 
or often incorporated within it, there are 
remnants of cartilage cells which appear to 
have had calcium deposited about them. 


Throughout this terminal diaphyseal bone 
the pattern of pre-existing chondrocytes is 
so clear as to suggest that the non-resorbed 
cartilage cells of the growing epiphyseal 
line served as the nidi for the building of 
new bone (Fig. 18). 

Proximal to the advancing cartilage zone 
in many bones one finds a great number o 
easily recognizable ghost-like cartilage cells. 
These in some cases are closely packed or 
arranged in short columns. Occasionally 
such a band of obsolete chondrocytes 
stretches almost all the way across the 
marrow cavity, forming a secondary, inac- 
tive epiphyseal line (Fig. 19). When one re- 
calls the evidences of deficient chondrocla- 
sis in young bones it is not difficult to ap- 
preciate that these cells are the remnants 
of the previous epiphyseal line, the surviv- 
ing components of which have now mi- 
grated distally. Most or all of these cells 
left behind are presumably dead, but due 
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to deficient chondroclasis they were not 
removed and served as a framework for the 
deposition of new bone, into which they are 
now incorporated. 

In retrospect and by careful searching I 
have found evidence of this proximal 
“ghost epiphyseal line’ in a great many 
specimens. It is a fleeting finding in young 
bones where recovery and reparation are 
rapid, but persists for months in older 
animals which received doses sufficient to 
stunt the bones without producing perma- 
nent growth cessation. 

If the dose administered is too great (2 
or more M.S.D. at an age past the period of 
active growth), the injury to all the cells 
may prove to be too severe to permit recov- 
ery. In such cases, even as long as six or 
eight months after irradiation, sections 
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disclose non-vital cartilage bounded by de- 
vitalized, sclerotic, friable bone and fatty, 
fibrous, avascular marrow. In bones thus 
injured, gross measurements and micro- 
scopic evidence together indicate veritable 
sterilization of growth function (Fig. 20). 


CHANGES IN NON-CARTILAGINOUS 
ELEMENTS 


Osteoblasts 


The cells known as osteoblasts, which 
normally lie end to end about the periph- 
ery of the newly forming bony spicules 
subjacent to the cartilage zones, are worthy 
of special attention. The function of these 
cells remains a source of controversy, and 
for this reason it is well to note the effects 
of roentgen irradiation upon them. 

Four or five days following administra- 


Fic. 18. Metapyseal Bone Formed after Irradiation 
in Adult Life. This animal received 2,500 r at four 
months of age (1.5 M.s.D.). Section made six 
months later. Animal No. 111. X110. The advanc- 
ing cartilage (top) is trailed by cells resembling 
hyaline cartilage (4). The marrow is cellular but 
hypovascular. The heavy trabeculae of bone con- 
tain islands of chondrocytes (B) which are being 
ossified. Gross measurements show that this bone 


Fic. 19. Double Epiphyseal Line. Another portion of 
the same bone shown in Figure 18. X60. Here 
there are clearly two epiphyseal lines, one actively 
growing (X), and one incorporated into a trans- 
verse chondroid-osseous transverse barrier (B). 
Few vessels are seen in the fatty marrow (0). 


has grown several millimeters since irradiation. 
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Fic. 20. Roentgen-Induced Sterilization of Growth. This animal received 3,000 r at four months of age (2 M.s.p,) 
after the period of most active growth. Animal No. 105. 110. Section made six months later. Leff, ir- 
radiated; right, control. Devitalized cartilage (Xi) lies within a wide zone of mineralized but not ossified 
matrix. The cartilage band (X2) contains only a few cells which have migrated a short distance toward the 
epiphysis (£). Although some of these are well preserved (C), there is no proliferative activity. This appear- 
ance, together with gross measurements, indicates cessation of growth. In the control, the heavy ossified 
trabeculae (4) and irregular epiphyseal cartilage are normal at this age (ten months). 


tion of I M.s.p. to animals one month old 
there is a definite change in the osteoblasts. 
They become separated from their bony 
bases and lie free in the marrow cavity. 
Frequently they are swollen, granular and 
eosinophilic, but some appear flat and 
pyknotic. Commonly these more or less tri- 
angular cells are found clustered about a 
small blood vessel, where they resemble 
ordinary fibroblasts or immature connec- 
tive tissue cells (Fig. 2, 3 and 4). The num- 
ber of cells which can be identified as osteo- 
blasts by their situation, shape and staining 
qualities is markedly diminished. At this 
time there is a notable scarcity of the non- 
calcified organic “osteoid tissue.” 

In the ensuing week or ten days there is a 
definite return toward normal both in num- 
ber and situation of these cells. Their reap- 
pearance parallels the regeneration of the 
marrow cells. 

Three weeks after irradiation of this mag- 
nitude finds the osteoblasts normal in sec- 
tion. They now again form the peripheral 
zone of cells about the bony spicules. In 
addition, however, they envelop the above 


mentioned strands of calcified matrix and 
islands of unresorbed cartilage cells found 
trailing after the advancing epiphyseal line. 
When osteoid tissue is deposited upon such 
a sturdy framework and is converted into 
new bone, the latter is broader and heavier 
than usual. This is a possible explanation 
for the heavy dense trabeculae of meta- 
physeal bone described above (Fig. 7). Gall, 
Lingley and Hilcken,” who also noted this 
heavy new bone, prefer to explain this on 
the basis of increased osteoblastic activity. 

After higher doses and in older animals, 
the reappearance of these cells is slower and 
often deficient. In such bones, examined 
several months after irradiation, it is com- 
mon to find the metaphyseal bone com- 
pletely bare of osteoblasts and osteoid. Un- 
der these conditions the bone and often the 
cartilage are rimmed by densely mineral- 
ized material totally different from the dep- 
osition of normal new bone (Fig. 17). 

One must be careful to differentiate be- 
tween mineralization of matrix substance 
and true ossification.*°# When we spoke of 
excess mineralization in the early phases of 
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this paper we meant just that, and not in- 
creased osteoid formation or true ossifica- 
tion. 

Growth in the Absence of Osteoblasts 


In the bones receiving enough roentgen 
rays to practically sterilize cellular activity, 
cartilage cells and matrix substance became 
heavily calcified, forming a dense, friable 
laver of pseudo-bone proximal to the epi- 
physeal line (Fig. 20). Here there are cer- 
tainly no functioning osteoblasts, and no 
evidence that any have been present since 
their abolition by the roentgen rays. With 
the exception of the cartilage cells which 
were not resorbed, the fat cells and ordi- 
nary connective tissue elements, there are 
no cells which could conceivably take part 
in the transition to bone. Dawson” has de- 
scribed direct change from cartilage to bone 
in old rats, and Dodds and Cameron" have 
written of similar changes in healing rachit- 
ic bones. It is quite possible that this is the 
process in operation here.” The wide, dense 
heavily calcified transverse band of friable 
material, also described by others,” is not 
true bone, but it has formed, presumably 
after irradiation and without the assistance 
of osteoblasts or the preliminary laying 
down of osteoid tissue (Fig. 13, 18 and 19). 
In the bones showing two distinct epiphys- 
eal lines, separated from each other by 1 or 
2mm., it is assumed that this small amount 
of growth in length occurred as a result of 
mere calcification in the wake of the advanc- 
ing epiphyseal line. 

VASCULAR CHANGES IN ROUTINE 
SECTIONS 

Each section was studied with special 
reference to blood vessels. There are, how- 
ever, certain weaknesses of such a study: 
(1) the section may be taken at such a level 
as to strike more or less vessels than are 
found in the control; (2) the vessels are 
delicate and difficult to identify; (3) many 
can be recognized only by the red blood 
cells within them; (4) in thin sections the 
cells are often washed out during the tech- 
nical procedures involved in preparation of 


the slide. 
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The extra-osseous blood vessels are af- 
fected in the manner previously described 
in the skin and elsewhere.":!7** These 
changes are limited to the intima and media 
and in no instance is there any appreciable 
decrease in the lumina or evidence of 
thrombosis or stenosis of the femoral or 
tibial vessels. 

A. Low Dosage in Young Animals. The 
intra-osseous vessels show some engorge- 
ment and diapedesis or hemorrhage a few 
days after 1 M.s.p. (Fig. 3). After an inter- 
val of a week no abnormalities can be made 
out. After two weeks, in the majority of 
sections there is an apparent diminution in 
the number of delicate end capillaries 
which reach the bases of the cartilage col- 
umns, although the vessels found in this 
location appear normal in caliber, content 
and function. It is interesting that the areas 
of most marked cartilage disarrangement 
and deficient chondroclasis (i.e., the cen- 
tral portion of the growth zone) are also 
the areas in which the vessels are scarce or 
absent. 

A month or more after irradiation of this 
degree, distinct abnormalities of the vas- 
cular system are no longer apparent. 

B. Heavy Irradiation. In the bones re- 
ceiving higher doses, especially in the older 
age groups, there are marked vascular 
changes even as late as eight months after 
irradiation. These alterations vary from a 
barely perceptible diminution in number 
and caliber to almost absolute avascularity 
in the irradiated areas. Hemosiderin de- 
posits are frequent. Many of the bones 
showing the fatty, fibrosed marrow de- 
scribed above, exhibit only tiny thin-walled 
vessels which course through the fat at 
wide intervals, never approaching the car- 
tilage zone (Fig. 17). In bones showing the 
“double epiphyseal line” it is common to 
find the vessels larger than normal proxi- 
mal to the original epiphyseal line but 
scarce or absent distal to it. At long inter- 
vals after irradiation it is common to find 
the vessels of the diaphysis forming large 
thin-walled vascular lakes which cause an 
apparent increase in vascularity (Fig. 13). 
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By closer inspection, however, one finds 
that the number of vessels running longi- 
tudinally as well as their average caliber is 
diminished. In the bones subjected to large 
doses, it is generally true that if the marrow 
cells have regenerated the blood vessels are 
relatively normal. There are some instanc- 
es, however, in which the marrow appears 
healthy and only an occasional vessel is 
found approaching the cartilage which is 
separated from the marrow by the above 
mentioned densely calcified transverse wall. 

A more careful and adequate study of the 
size, distribution and number of blood ves- 
sels in the metaphyseal regions of irradiated 
bones will be subsequently reported. 


DISCUSSION OF POSSIBLE 
MECHANISMS INVOLVED 


Probably the histopathological changes 
can best be explained on the basis of an im- 
mediate direct effect and a secondary or in- 
direct influence. 

Direct. It appears logical to assume that 
the early manifestations of swelling, granu- 
larity and loss of columnar arrdngement 
noted very soon after exposure to roentgen 
rays are manifestations of direct irradiation 
effects upon the cartilage cells themselves. 

Direct effects may also account for the 
increased amount and granularity of the 
intercartilaginous matrix substance. The 
reason for the excessive precipitation of 
minerals in the matrix and intercolumnar 
septa is not clear. It may be due to a change 
in hydrogen ion concentration, but as 
Rous*’ has pointed out the pH of cartilage 
is passively determined by its environ- 
ment. It has never been possible, either by 
electrodes or vital dyes, to determine nor- 
mal pH values for the various components 
of the complex growth zones, and we can 
therefore only assume that roentgen irra- 
diation may alter these values. Kleinmann* 
has stated that increased alkalinity is pres- 
ent in devitalized tissues, which change 
favors the precipitation of calcium salts. If 
one accepts the common theory that hyper- 
trophic cartilage cells augment mineral 
deposition, then the large vacuolated cells 
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of Zones 4 and 5 described above, plus a 
possible shift toward alkalinity, may offer 
the explanation for the precocious mineral- 
ization here noted. 

There is no reason to doubt that the ef- 
fect upon the end capillaries is a direct one, 

It is also probable, but not certain, that 
the damage promptly inflicted on the mar- 
row cells (including the osteoblasts) is a 
direct effect. 

The temporary retardation of growth by 
roentgen irradiation produces certain modi- 
fications apparently identical with those 
“lines of growth arrest” resulting from 
other causes. Harris,” in his description of 
the bone changes in acute infections, states 
that “‘any case presenting arrested growth 
will display an increased deposition of cal- 
careous matter in the transoms of the cal- 
cified zone and in the transverse trabeculae 
of the adjoining osseous zone.” He also 
writes, “the line of growth arrest becomes 
incorporated in the diaphysis as soon as 
growth in length is reestablished.”’ One can 
see at once that these statements apply also 
to the stunting caused by roentgen irradia- 
tion. How much is a direct and how much 
an indirect effect must remain conjecture. 

Indirect. Due to the decreased size and 
number of blood vessels, there is not only 
a relative anoxemia but also interference 
with mechanical erosive function. This is 
clearly evidenced by failure of the vessels 
to invade the large cartilage cells in Zone ¢. 
When the vessels deviate from their normal 
direction and run obliquely or transversely 
through the metaphysis, the functional ef- 
fect is shown by deficient cartilage and 
matrix resorption and in the subsequent 
deposition of new bone. Cartilage and ma- 
trix prolongations and islands found in the 
metaphysis after the epiphyseal line has 
migrated distally correspond to avascular 
areas not penetrated by vessels. Perhaps 
the capillaries cannot gain access to the 
cartilage because of the heavily calcified 
matrix, but it appears more plausible to 
assume a direct action upon the vessels. 

These unresorbed cartilaginous remnants 
bear a close resemblance to those found in 
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identical situations in healing rickets. These 
latter have been described by Pappenhei- 
mer,*! Dodds and Cameron,’® and Park.” 
To my knowledge they are found in no 
other condition. This justifies at least the 
tentative suggestion that some of the mech- 
anisms involved may be the same in both. 
Whereas Dahl'® considers these prolonga- 
tions after irradiation to be the result of 
cartilage proliferation toward the diaphysis 
I believe they are more satisfactorily ex- 
plained on the basis of deficient chondro- 
clasis incident upon vascular sclerosis and 
hypoplasia. 

The amount and type of diaphyseal and 
metaphyseal new bone is indirectly modi- 
fied by roentgen irradiation. It is directly 
influenced by the number, distribution and 
functional condition of the osteoblasts and 
the structural framework upon which they 
deposit osteoid. When, as a result of defi- 
cient chondroclasis and osteoclasis this 
framework is coarse, then the new-formed 
trabeculae are heavy, irregular and encom- 
pass remnants of chondrocytes and matrix. 
This interpretation differs from others who 
attribute the increased widths of trabeculae 
to overactivity of the osteoblasts. 

Subnormal resorption of metaphyseal 
trabeculae was reported in rats after long 
continued injection of estradiol benzoate.“ 
This produced a metaphyseal picture some- 
what similar to the above, but chondro- 
clasis was not disturbed. A dense thicket of 
metaphyseal matrix substance heavily im- 
pregnated with calcium and lead phosphate 
is found in lead poisoning, while after 
phosphorus ingestion an excess of meta- 
physeal bone is present.”':** These condi- 
tions in some ways simulate the post-ir- 
radiation changes described above, but 
there are important differences which pre- 
vent the advancement of even a common 
theory to account for all. 

When osteoblasts are deficient or absent, 
no osteoid tissue is found about the periph- 
ery of the longitudinal metaphyseal spic- 
ules. Calcified material is laid down, how- 
ever, usually in a transverse band in juxta- 
position to the bases of the cartilage col- 
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umns. Under such conditions cartilage cells 
having the morphology of hyaline cartilage 
appear to be directly converted into bone, 
but the major portion of the brittle, calci- 
fied material is almost completely acellular 
and avascular and should be considered as 
“pseudo bone.” This zone is weak and 
prone to break.” 

Cartilage cells possess amazing powers of 
regeneration. Even after doses of roentgen 
radiation producing fatty marrow fibrosis, 
cessation of growth in length, obliteration 
of end capillaries and dense impenetrable 
barriers of pseudo bone which presumably 
cut off communication and nutrition, young, 
actively growing cartilage cells are found 
in Zone 1. If a sufficiently long time is al- 
lowed to elapse the surviving cells regen- 
erate and migrate distally to form a new 
functioning epiphyseal line. 

In the interval after irradiation there is a 
very close correlation between blood vessel 
recovery or regeneration and return of 
various growth functions. When the vessels 
appear normal, the marrow cells and osteo- 
blasts also appear normal. Under these con- 
ditions, too, chondroclasis and osteoclasis, 
new bone formation and growth in length 
all progress physiologically. The return to 
normal histology is much more prompt in 
young animals and in the portions of the 
cartilage plate closest to the periosteal 
vessels. In older animals receiving doses 
high enough to practically destroy the ves- 
sels and marrow cells, chondroclasis, bone 
resorption, columnar arrangement and true 
osteoblastic bone formation are absent or 
strikingly deficient several months subse- 
quent to the irradiation. 


CONCLUSIONS 


Roentgen rays in sufficient quantities 
produce definite and characteristic micro- 
scopic changes in the epiphy seal cartilages 
of growing rats. The microscopic abnor- 
malities become evident before there is ap- 
preciable interference with growth. Stunt- 
ing, when it occurs, is apparently the result 
of temporary retardation or cessation of 
cartilage growth in a distal direction. This 
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is no doubt due to a direct effect upon the 
dividing cells, and produces a “line of 
growth arrest,” such as has been described 
following acute disease in early childhood. 
Other more lasting secondary effects are 
explained on the basis of injury to vessels, 
osteoblasts and marrow cells. 

The histopathological changes in every 
instance are dependent upon the interre- 
lated factors of dose, age and interval after 
irradiation. At various intervals, governed 
by these factors, cartilage abnormalities 
result, which persist for variable lengths of 
time. Then follow regeneration and resump- 
tion of growth. The cartilage cells, which 
grow and migrate distally, tend to resume 
their normal relations with each other so 
that months later the abnormal appearance 
is lost. 

After relatively low doses, particularly in 
young animals, histopathological changes 
appear promptly and are followed by al- 
most complete subsequent return to normal 
microscopic morphology. In such cases 
growth proceeds in a physiological manner 
and at a rate approaching normal. After 
high doses in the older age groups, abnor- 
malities appear later and last longer. Under 
these circumstances the quantities of roent- 
gen rays required to inhibit growth also 
induce such marked changes in supporting 
tissues, bone marrow and blood vessels that 
if cartilage regeneration occurs it is incom- 
plete and growth remains subnormal. 

The amount of osteoclasis and chondro- 
clasis, which occurs proximal to the advanc- 
ing line of cartilage columns, and the de- 
gree of normal anatomical restitution are 
directly proportional to the completeness of 
marrow and vascular regeneration. 

The processes of chondroclasis and osteo- 
clasis are deficient when the marrow cells 
and vessels are seriously injured. Asa result 
of this, cartilage cells persist as such far 
from the growth zone and become em- 
bodied in the newly formed bone, where 
they may be found months later. 

Osteoid deposition and true osteogenesis 
do not appear to take place in the absence 
of osteoblasts. When osteoblasts are absent 
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and cartilage growth has been resumed 
there is evidence that peculiar acellular 
brittle ‘“‘pseudo bone”’ is formed. In some 
situations it appears that bone is formed 
from modified cartilage cells. 

In all instances, there is augmentation of 
mineral deposition in the matrix substance 
soon after irradiation. The metaphyseal 
region of bones growing after irradiation 
contains more mineral and more bone than 
normal. 

The growth impetus is so strong in the 
cartilage cells that even when they are ab- 
normal in appearance, apparently impris- 
oned within sclerotic bony barriers and ly- 
ing in a practically avascular environment, 
they grow toward the epiphysis. The power 
to regenerate is retained even after very 
large quantities of roentgen rays. 

Blood vessels are markedly reduced in 
number and rendered irregular in caliber 
and distribution by doses seriously affect- 
ing the marrow cells in general. This is most 
marked following large doses in older ani- 
mals. After smaller doses and in younger 
animals, they are less severely affected and 
regenerate much more rapidly and com- 
pletely. 

Normal cartilage cells are large in size 
and are arranged in orderly columns so that 
abnormalities are readily recognized. For 
these reasons growing mammalian epiphys- 
eal cartilage appears to be an excellent bio- 
logical medium for the study of roentgen- 
ray effects. Study of the modifications 
induced in cartilage growth, matrix miner- 
alization, osteogenesis, chondro- and osteo- 
clasis, and blood vessel invasion may con- 
tribute to an understanding of the dynamics 
and physiology of bone growth. 


I wish to express my appreciation to Dr. Ross 
Golden, Dr. A. M. Pappenheimer and Dr. A. P. 
Stout for their guidance and assistance in carrying 
out this study. 
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CONTRIBUTIONS OF ROENTGENOLOGY TO THE 
DIAGNOSIS OF CHRONIC CONSTRICTIVE 
PERICAR DITIS* 


By HAROLD J. STEWART, JOHN R. CARTY, and JOHN R. SEAL 


NEW YORK, NEW YORK 


HE interest which has been aroused in 
this country by the demonstration 
that surgical removal of the pericardium 
offers relief to the majority of patients suf- 
fering from chronic constrictive pericardi- 
tis has led to the recognition of increasingly 
large numbers of patients with this disease. 
The literature during the past decade has 
contained numerous reports on the clinical 
features, pathologic physiology and surgical 
technique which have greatly increased our 
knowledge of its various aspects and con- 
tributed towards its recognition. This 
recognition in many cases is not too diffi- 
cult, especially when the triad which 
Beck** has pointed out, namely, “The 
small quiet heart, high venous pressure, 
ascites and hepatomegaly,” are present. In 
many cases where the size of the heart is 
above the normal limits, or in the occa- 
sional case with coexistent disease of the 
cardiovascular system of other nature, the 
diagnosis is more difficult and usually the 
burden of differential diagnosis falls to 
large measure on the roentgenologist. As 
only a few radiologists have had oppor- 
tunity to study a sufficient number of these 
cases to allow comparative studies, the 
roentgenological literature is not large and 
further additions to it appear warranted. 
White,” in a comprehensive review of 
the literature prior to 1935, attributes the 
original description of chronic constrictive 
pericarditis to Lower in 1669 and the first 
antemortem diagnosis to Kussmaul in 1873. 
Pick,'® in 1896, reported in detail on 3 
cases and gained the first widespread recog- 
nition for the disease to which his name is 
often applied. In 1898, Delorme® insisted 
from a study on cadavers that surgical re- 
moval of the pericardium would one day 


bring relief to those suffering from the dis- 
ease, but it was not until 1913 that Rehn”® 
and Sauerbruch” independently and suc- 
cessfully performed this operation. Schmie- 
den**:**5 and associates, beginning in 1917, 
have reported on 22 cases in which the 
operation has been performed. Schmieden 
and Volhard* in 1923, discussed the diag- 
nosis and pathologic physiology, applying 
the phrase “inflow stasis” to the primary 
defect in the circulation. This work was 
later amplified by Schmieden and Fischer,™ 
who included a summary of the roentgeno- 
logical observations in 8 cases, pointing out 
that the cardiac silhouette may be enlarged 
by the thickened pericardium itself, that 
there may or may not be calcification of 
the pericardium, and that the latter con- 
dition need not be associated with con- 
striction of the heart. 

In 1929, Churchill* reported the first 
successful operation for removal of the 
pericardium in chronic constrictive peri- 
carditis to be carried out in this country. 
Beck and Griswold! reported similar suc- 
cess the following year. These reports 
initiated the interest which has been mani- 
fest in this disease since that time. The 
etiology in the majority of cases remains 
unknown but tuberculosis undoubtedly 
plays a large réle,®:7* as does pneumonia 
and empyema.’ The clinical and patho- 
logical aspects have been well established 
largely through the work of Beck,!:?*-4 
Blalock,®:? Burwell®? and their 
associates, and Stewart and Heuer.':?9.3° 
They point out the long standing venous 
engorgement, dyspnea, ascites with hep- 
atomegaly, weakness, and sometimes 
edema, which characterize the clinical pic- 
ture and most of them stress ‘the “small, 


* From the Departments of Medicine and Radiology of the New York Hospital and Cornell University Medical College, New York. 
Presented at the Forty-second Annual Meeting, American Roentgen Ray Society, Cincinnati, Ohio, Sept. 23-26, 1941. 
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quiet heart” as an outstanding feature. 
Beck‘ has also pointed out the confusing 
terminology and descriptions in the litera- 
ture and texts dealing with diseases of the 
pericardium which have been brought 
about through the concept that adhesions 
between the heart and neighboring struc- 
tures may produce dilatation, hypertrophy, 
and failure of the heart. Experimental and 
anatomical studies have failed to support 
this concept and it is his opinion that con- 
striction of the heart is the only means by 
which pericardial disease can cause dis- 
turbance of the heart or circulation. 
Sprague”® pointed out the frequency with 
which a completely adherent pericardium 
is an unimportant finding (2.26 per cent of 
the cases in a series of 1,900 autopsies at 
the Massachusetts General Hospital) and 
others have made similar observations in 
reference to both adhesions and calcium 
deposits.'”?? Burwell and Flickinger,’ Beck 
and Cox,? and more extensively, Stewart 
and Heuer,”?*® have studied the abnormal 
circulation which results from compression 
of the heart and interference with its dias. 
tolic filling. The latter authors were able to 
study 9 cases before and after operation; 
they found that before operation the arterio- 
venous oxygen difference was increased, 
the minute output of the heart, the cardiac 
index, and the stroke volume were de- 
creased, the venous pressure elevated, and 
the circulation time prolonged. After opera- 
tion these measurements approached or 
attained normal levels. Schmieden and 
Churchill,’ and White and 
Churchill,** Burwell Blalock,’ 
Beck!:?** and Heuer and Stewart™ have 
reviewed the surgical aspects of the disease 
in detail. In 1937, Heuer and Stewart 
were able to collect 150 surgically treated 
cases (including 7 of their own) from the 
literature. Thirty-five per cent of these were 
reported as cured, 18.6 per cent as im- 
proved, and in only 1.3 per cent was there 
no improvement. 

The more important studies in the roent- 
genologic aspects of the disease have been 
made in the last six years. White,® report- 
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ing 15 cases of chronic constrictive peri- 
carditis, summarized the roentgenologic 
features as follows: 


The heart was normal in size in 7 and slightly 
to moderately enlarged in the remainder. The 
shape varied greatly from normal to so-called 
mitral configuration with prominence of the 
left upper border, and in 3 cases there was indi® 
cation of left auricular enlargement (two of 
these had auricular fibrillation). The amount 
of pulsation varied widely from fairly free on 
both sides to little or none anywhere. It was 
quite a common observation to observe free 
pulsations of the cardiac apex and left border 
with no pulsation at the right border (which 
would extend a little too far to the right witha 
hazy outline). In most cases there was an in- 
crease in the supracardiac shadow, apparently 
due to dilatation of the superior vena cava and 
to mediastinal involvement or displacement. 
The lung hilar shadows were increased in g of 
these cases. In 6 a clue was presented by the 
finding of considerable pleural thickening. The 
heart itself was more or less anchored in six 
cases with or without restricted movements of 
the diaphragm on one side or the other. Peri- 
cardial calcification was noted on x-ray in 6 of 
the 15 cases but before operation in only 3 of the 
12 cases that were operated upon. The presence 
of calcification is a helpful confirmatory sign 
but it is usually absent and when present it does 
not mean Pick’s disease if there are no other 
evidences. 


Johnson” was first to observe that the 
roentgen kymogram was of value in con- 
firming the diagnosis of a case of chronic 
constrictive pericarditis, and Griswold” 
with a similar experience suggested that by 
measuring the increase in pulsations the 
technique might be of value in estimating 
the effectiveness of the surgery. Scott and 
Moore” also found the same characteristic 
diminution of pulsations in a case of active 
tuberculous pericarditis. 

Roesler,** analyzing the literature and 
from his own experience comprehensively 
discussing the various roentgenologic fea- 
tures of chronic constrictive pericarditis, 
points out the various anatomical changes 
which underlie the changes seen in the 
roentgenogram and the factors which in- 
fluence the signs obtained by roentgenos- 
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copy and kymography. Attention is called 
to the observation that while in most in- 
stances there is a diminished amplitude of 
pulsation, in others pulsations of normal 


amplitude or of greater than normal am- 


plitude are present. In this latter group of 
cases there is no increased amplitude over 
the great vessels but rather a striking 
diminution, and measurements have shown 
that the cardiac output is diminished de- 
spite the apparent amplitude of contrac- 
tion. This phenomenon is attributed to an 
altered manner of contraction in that the 
longitudinal contraction of the ventricular 
cone is interfered with by adhesions and 
this reduction of movement is compensated 
for by increased marginal contractions. 
These increased pulsations are most often 
observed over the left lower border where 
the pericardial scar is usually thinnest. It 
is also pointed out that the commonly 
sought signs of shifting of the anatomical 
axis of the heart with respiration and 
change in position are of diminished value 
in those cases with large hearts or where 
there are diminished excursions of the 
diaphragm. 

Freedman," in studies of 26 cases of 
chronic constrictive pericarditis, divided 
the roentgenologic signs into those based on 
the effect of the pericardial scar on con- 
figuration, size, and pulsation of the heart; 
those caused by adhesions between the 
heart and neighboring organs; and to those 
related to calcium deposits. In 16 of these 
cases the heart size was normal or slightly 
smaller than normal, in 8 it was moder- 
ately enlarged, and in 2 greatly enlarged. 
One of the last group at autopsy had a peri- 
cardium varying from 2 to 26 mm. in 
thickness, and in none of the 6 cases who 
came to autopsy was the heart weight 
above normal. The configuration in 13 
cases was triangular, in 8 globular, and in 
5 was either of the mitral or aortic type. 
Normal subdivision of the left or right 
aortic arch was almost always absent and 
obliteration or marked flattening of the 
aortic knob was the most constant sign, 
being present in 21 cases. Other important 
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findings were unchanging contour of the 
heart on respiratory movements and dim- 
inution or absence of pulsations, although 
there were occasionally pulsations of nor- 
mal or increased amplitude over certain 
portions of the heart. Extrapericardial ad- 
hesions were demonstrated best by roent- 
genoscopy and it was believed that the 
most satisfactory sign of all was fixation of 
the heart in the midline during respiratory 
movements with the patient in the lateral 
recumbent position. At times adhesions 
between the pericardium and sternum were 
demonstrable in lateral roentgenograms, 
and in most cases there was increased den- 
sity of the mediastinum interpreted as 
indicating chronic inflammation and fibro- 
sis. Kymographic examination was felt to 
hold no specific diagnostic value but was 
used rather for an objective record of pul- 
sations to which postoperative improve- 
ment in pulsation could be compared. The 
lung fields were normal in 5 cases, 16 had 
pleural effusion, 9 had evidence of chronic 
passive congestion, 3 had chronic pulmo- 
nary tuberculosis,and in 1 there wassilicosis. 
The contour of the diaphragms was normal 
in only 6 cases, in the others it was either 
obscured by effusion or was irregular and 
flattened by adhesions. Calcium deposits 
were demonstrated in 9 of the 26 cases. 
Postoperatively, marked changes were 
never found. In some, the heart size was 
larger and in all, the pulsations were in- 
creased over part or all of the circumfer- 
ence. In conclusion, the author states, 
“the most conclusive sign of cardiac com- 
pression is calcification which is present in 
only a minority of the cases. When calcifi- 
cation is absent several of the more im- 
portant signs must be combined to arrive 
at an accurate diagnosis and in any case 
the careful correlation of clinical and roent- 
genological evidence is necessary. The heart 
is usually normal or smaller than normal, 
never large enough to confuse with the 
large shadow seen in the roentgenogram of 
the dilated, failing heart. ‘When slight to 
moderate enlargement is present it is 
usually due to the thickness of the peri- 
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TaBLe I.—SUMMARY OF THE MAIN CLINICAL AND LABORATORy 
| | se | 
Case | = sso! | | | 3 
and | Age | Dura-| gs _ Chief | 
History | and | tion | =e Symptoms | ‘= - 
No. | Sex | 28 | $< 
Case | 29 | yr. ° ° Dyspnea, weakness, ° + + + + + + 4 
A.R. a swelling of abdomen 
#91645 
Case u 36 23 yr. a 4 + } Dyspnea, edema, ° + + + ° ° ° ° + Ps 
M recordial discom- 
#103600 ort 
Case m 29 9 yr. ° Epigastric discomfort ° + + ° + + ° 
C.G. M and swelling on ex- 
#07434 ertion 
Case Iv 36 8+yr. ° ° ° ° Dyspnea, swelling of °. + + + + + + + + + 
J.P. M abdomen, edema 
#155618 
Case Vv 15 54 yr. + + ° ° Dyspnea, swelling of ° ° + + ° ° + ° ° + 
A.B. b abdomen, weight loss 
#28323 
Case VI 44 h yr. + ° ° ° Swelling of abdomen, ° ° + + + + + i + + 
P.A. edema 
#141257 
Case vu 20 1} yr. + Dyspnea, swelling of ° + + + + ° Fs 
J.McC. M abdomen | 
#128763 | 
Case vil 38 6 yr. ° ° + ° Swelling of abdomen, ° + + + + + + + + - 
S. edema 
#169168 
Case Ix 58 6 yr. ° ° ° ° Dyspnea, edema ° ° + + + ° + + + 
R.S. M 
#185223 
Case x 52 7+ yr oy Gee . + ? Swelling of abdomen ° ° + + + ° + + ° + 
GS. M 
#232001 
Case XI 22 | 4x4 yr. ° ° + ° Dyspnea, edema ° + + + + + + ° + + 
E.B. M 
#233623 
Case xm | 42 8 yr. ? ° + ? Edema, dyspnea ° + + + + + + + + + 
P.M. | M 
#273718 
Case xm 50 (P45 yr. ° ° + ? Edema, dyspnea ° + + + + T t t + + 
F.B. | M | 
#268178 
Case XIV 46 6 yr. ° ° ° + Swelling of abdomen, ° + + + + + + t i v 
W.H. M edema 
#272368 
Case xv 17 I yr. ° ° ° ° Dyspnea, swelling of ? + + . ° ° + + ° + 
F.H. M abdomen 
#290924 
Case XVI 7 4 yr. ° ° ° ° Dyspnea, swelling of ? > + + ° +t + t a T 
M abdomen 
#290121 
* N.S.R. =normal sinus rhythm. 
In this table as well as in Table 11 o =absent, + =present, ? = questionable, + =borderline, and — =observations not made or could not be determined. 


cardium, to underlying valvular disease or 
other cause of hypertrophy of the 
heart....”’ A recent report by Harrington 
and Barnes" is of interest from the roent- 
genologic standpoint because of the un- 
usually high percentage of 6 out of 9 cases 
in which calcium in the pericardium was 
found in roentgenograms, 


SUMMARY OF CASES NOW BEING RE- 
PORTED TOGETHER WITH THE 
CLINICAL CHACTERISTICS 


Since 1935, 16 cases of chronic constrict- 
ive pericarditis have been seen at the New 
York Hospital; 14 of these had _pericar- 
diectomy performed at this Hospital and 2 
came to operation elsewhere (Beck and 
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‘ORy FE..TURES IN CHRONIC CONSTRICTIVE PERICARDITIS 
| | ae 
ELECTROCARDIOGRAPHIC CHARACTERISTICS | | Length 
1 1 Size Venous Cardiac Cardiac Clinical 
Pd s of Heart - —— - | Time Pressure | Output | Index boo. Result 
| QRS | | Shift tion 
Axis T Waves | 
Rhythm* Devia- | Leads 1, | | | 
tion and m1 and Axis | 
| Normal N.S.R. Slight | Low Low 11° Increased | Increased | Decreased | Decreased | 5 yr. Cure 
+ / right | amplitude amplitude 
pera “Normal NSR. Right le _ m1 °° Increased | Increased | Decreased Decreased 5 yr. Cure 
r “6 amplitude | negative 
| | | 
“Moderately NSBR. Slight ‘Lew and m1 } °° Increased | Increased Decreased Decreased | 1 yr. Death from pul- 
; enlarged right | amplitude | negative, | monary emboli 
ad cove shaped 
t 70/68 Normal AF. None | Low Low Increased | Increased | Death from 
, amplitude | amplitude, bronchopneu- 
diphasic monia 
Lf “Wiaa_| Normal N.S.R. | Slight | Low Low ampli- 37° | Increased | Increased | Decreased | Decreased Cure 
te right | amplitude tude, mand m | | Died 3 yr. after operation of 
ma cove shaped | | tuberculous peritonitis 
* 110/70 Moderately AF. None Low Low ss” Increased | Increased | Decreased | Decreased | 44 yr. Marked improve- 
enlarged amplitude amplitude, | ment 
diphasic 
bs 106/80 | Normal N.S.R. | Slight | Low 1 and 1 cove 11° | Increased | Increased | Decreased | Decreased | 4 yr. | Marked improve- 
left amplitude | shaped | ment 
rs 130/78 "Normal N.S.R. | Slight | Low 11 low ampli- °° Normal | Increased | Normal Normal 4yr. | Slight improve- 
: left amplitude | tude | | | ment 
| | | | 
155/100 “Moderately. A Fr. Right Low ‘rand m low 26° Increased | Increased | Decreased | Decreased | 3 yr. Moderate im- 
enlarged amplitude amplitude, provement 
diphasic | 
re 92/64 | Normal AF. None | 1 low tlowampli- | 43° | Increased Increased | — — | 2yr. Moderate im- 
amplitude tude, mand m1 ‘| | provement 
negative } 
*: 100/80 | Slightly N.S.R. | None | Low Low ampli- 12° | Normal | Increased | _ — | 2} yr. | Marked improve- 
enlarged amplitude | tude, m1 cove | ment 
shaped 
a4 104/60 | Slightly A.F. None Low Diphasic 21° Increased | Increased — — } yr. Moderate im- 
enlarged amplitude | provement 
195/150 ‘Normal NS.R. “Slight Norma) Diphasic, 11° Increased | Increased | Died June, 1941 
to right and I cove 
130/94 shaped 
an 105/80 | Moderately | A.F. None Low Diphasic, low a 29° | Increased | Increased _ — _ Death on operat- 
| enlarged amplitude | amplitude | ing table 
Pe. 110/64 | Slightly | N.S.R. | Right | 1 low 1 diphasic, 17° Normal | Increased | -= = | yr. | Marked improve- 
enlarged amplitude 11 negative | ment 
85/65 Slightly N S.R. None ‘Low and 11 cove age | Increased | Increased | — yr. Improved 
enlarged | amplitude | shaped 
Thompson). Twelve cases were operated oldest case was fifty-eight years of age; the 
upon by Dr. George J. Heuer, 2 cases highest incidence fell in the third decade, : 
were operated upon by Dr. William DeW. and 3 cases over fifty years of age are in- 
Andrus, 1 case was operated upon by cluded in the series. Twelve were males and : 
Dr. Claude S. Beck and 1 case was oper- only 4 females. The duration as estimated Bey 
ated upon by Dr. Samuel A. Thompson. from the history varied from two and one- ae 
In all a thickened, adherent, and con- half months to fifteen years. In 2 only was 
stricting pericardium was found. Eleven _ there history suggestive of rheumatic fever 
. . . ’ 
remain under observation at the present and in 1 only was there a history of definite 
time. The youngest was seven and the tuberculous infection. Seven gave a clear 
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II.—suMMARY OF THE MAJOR ROENTGENOLOGICA, 


= 


ROENTGENOSCOPY } PREOPERATIVE ROENTGENOGRAMS 
Limitation ra | | | | In- Evi- | Evi- 
of Shift of | Motion | |si|iz | Superior | ’ creased | dence | dence 
Case Heart on Dia- | Pulsations Estimated Shape | =| & | Aortic Medi- | Medi- Dorsal Vascu- of 0! Effy. 
No. Change of | phragms Size 3 | 3S Knob astinum (astinum Vertebra lar Tuber- | Chronic sion 
Position or Mark- | culosis | Infec- | 
Inspiration <|° ings | | tion | 
Case I Marked | Normal Decreased Moderately | Triangular| + | o | Absent | Normal Clear | Slight | ++++] o re. 
ALR. generally enlarged kyphosis | 
Case u Moderate | Both | Decreased Moderately | Globular + | o |Small | Normal | Clear | Slight | ++ |Hilar | Leh 
/.M. limited | generally enlarged | kyphosis | | calcifi- | 
cation | 
Case m1 | Normal | Marked gen- | Slightly | Globular | o | + | Small | Slightly | Clear | Slight | +++ | Hilar o | Rigw 
C.G. eral decrease | enlarged widened | kyphosis, | | calcifi- 
arthritis | cation 
Case iv Marked | Para- Marked de- Moderately | Triangular | o | | Slightly | Marked — +++1o | Rich 
JP | doxical crease except | enlarged enlarged | widening | | 
motion at apex | | | 
| in right | 
Case v* Marked | Both Marked gen- | Slightly Globular o + | Absent | Normal | Clear | Normal +++ ° o re 
A.B. limited | eral decrease | small | | 
Case vI Moderate | Right Marked de- Slightly Globular ° + | Absent | Normal | Clear | Slight | +++ | Hilar o | Right 
P.! limited | crease except | small kyphosis, calcifi- 
at apex arthritis cation 
Case vut | Marked Normal Marked | Moderately | Globular ° o | Absent | Normal Clear | Normal +t+T | © PH) “Right 
1.McC. general | enlarged | 
decrease 
Case vu | Moderate | Normal | Marked de- | Slightly Triangular| o | o | Small | Slightly | Clear Normal | +++ | Hilar | o | Nom 
JS. crease except enlarged widened | calcifi- 
at apex cation 
Case 1x None Normal | Decreased | Markedly | Boot ° + Dilated Slightly | Clear | Arthritis $a ° ° 4 Nowe 
R.S. on right | enlarged | shaped and | widened 
elon- | 
| gated 
Case x _ | Both Decreased | Slightly Globular o | + | Absent Slightly | Clear | Normal + ° o | Right 
GS. limited | except at | small | widen } 
Case x1 | — | Normal | Marked | Slightly | Triangular | o | o | Small | Moder- | Ob- Normal | +++ ° ++ | Lelt 
E.B | | decrease enlarged =| ately | scured 
| widened | | 
Case xm | Moderate| Both | Decreased | Moderately | Globular + | + | Small | Normal | Ob- Moderate | +++ o | o | Right 
P.M.§ limited | on right | enlarged | | scured | kyphosis, | and 
| | arthritis left 
Case xmt _— };o— Marked Moderately | Globular o | o | Small Slightly | Ob- _ +++ ° o | Right 
F.B. general enlarged widened | scured 
| | decrease | 
Case xiv#| None Normal! | Marked Markedly Triangular | + | o | Small Markedly -- Normal +++ ° o | Right 
W.H. general enlarged | widened | 
decrease | 
Case xv§ | Marked | Normal | Decreased Slightly Globular o | + | Small | Normal | Clear | Normal +++ o | o | Nome 
F.H. | except at enlarged 
| pulmonary | 
| } conus | 
Case xvt | Marked | Normal! Decreased Moderately | Triangular | o | o | Small | Normal | Clear | Normal ++ ° o | Let 
a except at enlarged 
| | pulmonary 
| conus | 


* Died 3 years later of tuberculous and purulent peritonitis. 
+ Small foci of active inflammation present microscopically. 


t Pericardiectomy was performed in this case by Dr. C. S. Beck in Cleveland, Ohio, to whom we are indebted for data concerning operation and subsequent cours. 


# Pericardiectomy was performed in this case by Dr. Thompson of Flower Fifth Avenue Hospital, and we are indebted to Dr. Milton J. Raisbeck for details 


the operation and autopsy. 


§ Cases No. xm and xv were operated upon by Dr. William DeW. Andrus. The others were operated upon by Dr. George J. Heuer. 


history of nonspecific pulmonary infection 
preceding the onset of symptoms, and in a 
few increased severity of symptoms was 
noted during subsequent nonspecific re- 
spiratory infections. In 2 cases there was a 
definite history of pericardial effusion and 
in 3 others a suggestive history. Dyspnea 


was the most common symptom, being a 
presenting complaint in 13 of the 16 cases. 
Ten had experienced enlargement of the 
abdomen and in g a noticeable degree of 
edema of the lower extremities had been 
present. The most uniform physical find- 
ings were paradoxical pulse, cyanosis, dis- 
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RoENTGEN KYMOGRAMS OPERATIVE AND Parmonoasc POSTOPERATIVE ROENTGEN STUDIES 
Isations | Pu ~ cardium Micro- | : 
ry se rs Pulsations Thick- Gross | scopic | Active Thickness Size Contour| Aorta Lung Pulsations 
¢ ft | of ened Calcifi-  Calcifi- | Tuber- | Fields 
im Ventricle Conus Aorta and cation | cation | culosis | 
Bor Adherent | | 
- - ° ° + | 3-4 mm Normal | Normal | Normal | Normal | Normal 
| | 
+ ° + ° | 2mm Smaller | More | More | More Improved over 
normal | normal | normal left ventricle 
“Marked Slight Slight Slight oa + | + o | 23mm Larger | Changed Same | Same Slight increase 
decrease | decrease decrease decrease | | | 
| 
Absent Marked Decreased | Decreased + ° — ° | 1-4 mm All Portable Roentgenograms 
decrease 
except at | | 
apex | | 
rs o | 23mm, | Normal | More | Same More | Improved over 
normal | normal | left ventricle 
+ + | + ° 5-8 mm. | Larger | Same Same |More | Improved over 
| | normal | left ventricle 
| | | | 
Aq ° 5 mm | Smaller | More Same | Same Improved over 
} | normal | left ventricle 
| -- | | + o 3mm Larger |More | Same | More | Improved ex- 
| | | | | normal | — | cept over apex 
Absent Normal | Normal Normal + | + | + | o |14mm. | Larger |Same Same (Same | py > gaa 
on right 
| | | | 
Moderate | “Marked =| Marked Marked | 1-2 mm Larger | Same | Same | Same Increased on left 
decrease | decrease decrease decrease | | 
| 
Absent | Marked = | Marked Marked a | + + ° 5 mm Larger Same Same | Same Slight general 
a decrease — | decrease decrease | | | increase 
“Moderate Marked | Marked. + a + ° 3-10 mm. | Same | More | More | More Moderate general 
decrease | decrease | decrease | | normal normal "normal increase 
| | | | 
Marked | Marked | Marked | Marked | = + o | o | © | Unknown | | — | -- 
decrease | decrease decrease decrease | | | Rae 8: | 
| | 
Marked | Marked | | Decreased | ° ° ° 24mm. | 
decrease | decrease | } ee | 
| | 
Decreased| Decreased reased "Decreased ° | 1-2 mm. Slightly |Same | Same | More Moderate in- 
smaller | normal | crease except on 
Decreased) Decreased Increased Decreased a + ° 2-3 mm. Larger | Same | Same | Same Moderate in- 
| crease on left 
| | 
| | | | 


tention of the cervical veins and increased 
venous pressure. Four had no dyspnea 
when seen, in 5 there were no pulmonary 
signs, and a quite striking disproportion 
between the degree of signs of heart failure 
and the severity of orthopnea was com- 
monly observed. Hepatomegaly was ques- 
tionable in 1 case and in § ascites was not 
demonstrable. Edema of the legs of a vari- 
able degree was present in 11 cases. The 


blood pressure was below 100/70 in § cases 
and in only 2 cases was it above 140/90; 
the pulse pressure ranged from 20 to 40 
mm. Hg in 12 of the 16 cases. In 6 patients 
the rhythm was auricular fibrillation and 
in the other 1o normal sinus rhythm was 
present. The more common electrocardio- 
graphic abnormalities were often a tend- 
ency to slight axis deviation (6 to the right, 
1 to the left and g no deviation), low ampli- 
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Marcu, 1943 


Fic. 1. Case v. 4 and B, taken on June 2, 1936, show the wide thoracic cage, the heart of slightly smaller 
size than normal and its globular shape. Calcification is visualized only in the lateral view. The aortic knob 
is small. C, taken on April 6, 1937, ten months after operation, shows an increase in the size of the cardiac 
silhouette with a pronounced bulge im the region of the pulmonary conus and widening of the superior 
mediastinum. Pericardiectomy effected a clinical cure. 


tude of the QRS complexes, T waves of low 
amplitude which were usually diphasic or 
negative and often cove shaped in leads II 
and III. There was marked limitation in 
the shift of the electrical axis on change in 
position of the body in to patients. The 
operative technique and experiences in this 
group are similar to those previously re- 
ported“ and the results are summarized in 


A wll 


Tables 1 and 11. The etiology in 1 case was 
found to be active tuberculous infection of 
the pericardium, in the others pathologic 
studies did not establish the cause. 
ROENTGENOLOGIC OBSERVATIONS 


All the roentgenologic observations were 
made by standard technique and one of the 


authors* was present with the roentgenol- 
*HJS. 


q 
oh 
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Fic. 2. Case 1. 4, taken on November 11, 1936, illustrates the globular shape of the heart, with obscuration 
of the normal subdivisions, moderate enlargement, and poorly defined aortic knob. In B, taken on April 1, 
1937, five months after operation, there is decrease in size of the cardiac silhouette with more normal con- 
figuration , and increased prominence of the aortic knob. 
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Fic. 3. Case 1x. These preoperative roentgenograms illustrate the large boot-shaped heart with unusual con- 
figuration of the right border, 4. Slight calcification is visible in the posteroanterior view, 4, in contrast 
with the extensive calcification seen in the lateral view, B. 


ogists when the roentgenoscopic studies calcification when it was not observed in 
were done in all cases. No special tech- the usual exposures. The chief abnormali- 
niques were resorted to beyond that of in- ties noted in roentgenologic studies are 
clining the patient from side to side in correlated in Table u with age, duration, 
seeking shifting of the anatomical axis of etiology, findings at operation, and result 
the heart, and of heavier exposures in cer- of pericardiectomy. The postoperative 
tain ones in an attempt to demonstrate roentgenologic changes are also included. 


Fic. 4. Case xiv. These roentgenograms illustrate the enlarged triangular heart, marked pylmonary conges- 
tion, and absent aortic knob, 4. The ky mogram, B, reveals reduced amplitude of pulsation over all of the 


cardiac silhouette and aorta with the exception of the upper portion of the left ventricle where the pulsa- 
tions are of normal amplitude. 


x 
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Fic. 6. Case xu. 4, taken on September 11, 1940, illustrates the enlarged globular heart with obscuration of 
normal subdivisions of the borders and marked increase in the pulmonary vascular shadows. B records 
calcification seen only in the lateral view. C, taken on October 18, 1940, one month after operation, shows 
enlargement of the cardiac silhouette, a more prominent aortic knob, and decrease in the pulmonary con- 
gestion. D, a preoperative kymogram, shows marked decrease in pulsations over the right border, aorta, 
and upper left border. Pulsations at the apex, although good, have a flattened diastolic peak. In E is shown 
a lateral kymogram in which pulsation of the calcified plaques is seen. F, a postoperative kymogram, re- 
veals good pulsations over the right border and the aorta with a marked increase in pulsations over the left 
border. The diastolic peaks have a more normal contour. 


Representative preoperative and in some ments of the diaphragm. In 2 other cases, 
instances postoperative changes are illus- however, these findings were not present, 
trated in Figures 1 to 8. and in the other 8 in which they were 

In most cases roentgenoscopy proved to sought, limitation of the motion of the 
be of considerable diagnostic importance. diaphragms made their presence of less sig- 
In 6 the lateral shift of the heart with nificance.*! Pulsations were decreased over 
change in position and the downward a large area of the cardiac silhouette in all 
descent with inspiration was markedly cases, but in 4 the apex, and in 2 the pul- 
limited and in 5 of these the limitation was monary conus exhibited pulsations of 
observed in the presence of normal move- normal or greater than normal amplitude. 


Fic. 5. Case 11. 4, taken on June 1, 193, and C, taken on March 28, 1939, show the appearance of the heart 
over a four year period prior to operation. B illustrates the extensive calcification visible in the lateral view. 
D, taken on February 12, 1940, nine months after operation, shows that the cardiac silhouette has increased 
in size and changed in configuration. E is a preoperative kymogram showing diminished pulsations with 
flattened diastolic peaks over the left border, absent pulsation over the aorta, and normal pulsations over 
the left border. F is a postoperative kymogram, illustrating the increase in amplitude of pulsations over the 
right border and aorta with more normal diastolic peaks. 
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Routine 2 meter roentgenograms of the 
heart in the posteroanterior and lateral 
positions also proved to be of great value 
in the study of these cases. Attention 
should be called to the chest cage itself as 
in most cases it has a distinct square shape 
with widening of the lower diameters pre- 
sumably due to the long standing ascites 
with outward pressure on the costal margin 
and elevation of the diaphragms (Fig. 1). 
The cardiac silhouette itself was slightly 
smaller than normal in 3 cases, and in only 
4 cases slightly enlarged. In 7 it was de- 
scribed as moderately enlarged (Fig. 2) and 
in 2 as markedly enlarged (Fig. 3 and 4). In 
1 of the 2 cases in which marked enlarge- 
ment was present there was persistent 
hypertension and in the second, although 
the heart was encased in an adherent peri- 
cardium 2 to 4 mm. thick and the capacity 
of the right ventricle reduced, the left 
auricle and ventricle were found to be di- 
lated and the heart weight was estimated 
to be above the normal limits at autopsy. 
It was not possible to establish any direct 
relationship between the size of the cardiac 
silhouette and the thickness of the peri- 
cardium at operation or autopsy, the peri- 
cardial thickness varying from 2 mm. in a 
patient in whom the silhouette had ap- 
peared markedly enlarged to 8 mm. in one 
in which it had appeared slightly smaller 
than normal. After operation there was no 
constant alteration in the size of the cardiac 
silhouette; it appears, therefore, that fac- 
tors other than the thickness of the peri- 
cardium are responsible for an apparent 
increase in the size of the heart. These may 
be dilatation of portions of the heart with 
constriction in others and disturbances in 
the relationship of various chambers of the 
heart to the chest wall. In 6 the shape of 
the heart was triangular (Fig. 4), in 9 dis- 
tinctly globular (Fig. 2) and in 1 “boot 
shaped” (Fig. 3). In none was the silhouette 
normal since the usual subdivisions of the 
right and left borders were obscured. Defi- 
nite extrapericardial adhesions were seen in 
only 4 patients. Calcification of the peri- 
cardium was demonstrated in 7 patients 
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and established the diagnosis in the patient 
in which there was coexistent hypertensive 
heart disease. This was not always demon. 
strable in the posteroanterior view in cases 
in which lateral views showed extensive 
deposition of calcium (Fig. 1, 5 and 6). At 
operation an additional patient had suf- 
ficient calcification to suggest that a more 
careful search would have demonstrated 
its presence, in 4 others calcification found 
on microscopic examination of the peri- 
cardium removed at operation was prob- 
ably undetectable. The superior medias- 
tinum was normal in 7, in § was slightly 
wider, and in only 2 was it considerably 
wider than normal. The appearance of the 
aortic knob was a helpful sign in almost all 
cases. In 5 the aortic knob was not visual- 
ized, in 9 others it was small and flattened; 
and lateral views, moreover, showed the 
arch in these cases to be of small diameter 
(Fig. 1, 2 and 7). In only 2 cases was the 
aorta normal or larger in size and 1 of these 
was in the presence of hypertension in a 
man, aged fifty-eight, with evidence of 
arteriosclerosis elsewhere (Fig. 3). That 
the narrowing of the aorta cannot be at- 
tributed entirely to adhesions is indicated 
in those cases in which there is a postopera- 
tive increase in size despite the fact that 
the operative procedure does not extend 
to this region (Fig. 7), and it may be that 
the small size of the aorta is due, at least in 
part, to the reduced cardiac output which 
has been demonstrated.” After release of 
the obstruction with return of the output 
to normal the extent of increase in the size 
of the aorta is probably determined by ad- 
hesions. 

The lung fields in all cases showed in- 
crease in the vascular markings and the 
hilar shadows were particularly heavy in 
most instances (Fig. 6). That there was 


little relationship between the prominence 
of these markings and the complaint of 
dyspnea was shown by those cases in which 
there was marked increase and in whom 
dyspnea was a minor symptom. The pres- 
ence of calcium deposits at the hilum was 
the only evidence for preceding tuberculous 


il 
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Fic. 7. Case 1. 4, taken on January 27, 1936, shows a moderately enlarged triangular heart with loss of the 
normal subdivisions of the borders and absence of the aortic knob. B and C, taken on December 16, 1937, 
and November 22, 1940, one and four years after operation respectively, illustrate decrease in size of the 
silhouette, return to a more normal configuration, and the appearance of a normal aortic knob. D is a post- 
operative kymogram, taken on November 22, 1940, showing the normal amplitude of pulsation over the 
entire silhouette. Active tuberculous pericarditis was found at operation. The patient is apparently 


cured. 


infection in 5 cases. One patient had heavy 
bronchial shadows and pulmonary fibrosis 
suggestive of chronic pulmonary infection, 
but on the whole inflammatory changes 
were conspicuously absent. Eleven of the 
group had pleural effusion at one time or 
another prior to operation. Thoracenteses 


in these gave no evidence of a causative 


agent and the fluid had the characters of a 
transudate. Several had evidence of pleural 
thickening, however, and this may have 
been related to the original inflammatory 
process. The posterior mediastinum in all 
but one case was within normal limits of 
density. A finding of incidental interest, 
however, was a kyphotic tendency of the 
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Fic. 8. Case x1. 4 and_C are"preoperative roentgenogram and kymogram respectively, taken on October 11, 
1939. B and D, taken on February 21, 1940, three months after operation, illustrate the slight amount of 
roentgenologic improvement compatible with marked improvement in the clinical picture following peri- 


cardiectomy. 


dorsal vertebra in 5 and of more than aver- 
age amount of hypertrophic arthritic 
change of the dorsal spine in 3 cases. 

The kymogram, contrary to the exper- 
ience of others,!*"! has been of considerable 
aid in the diagnosis chiefly because it offers 
a more accurate estimation of the degree 
of pulsation over the right border of the 
heart and over the aorta, areas in which 
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the roentgenoscopic estimation is often 
difficult, and in which in all 10 of our cases 
where preoperative kymographic studies 
were done there was a significant reduction 
in amplitude. Five of these patients had 
chronic auricular fibrillation which made 
the limitation of pulsation along the right 
border (which is made up mainly of the 
right auricle) difficult to evaluate. At times 
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the flattening of the diastolic peak of the 
wave suggested abnormality when pul- 
sations of fairly good amplitude were pres- 
ent (Fig. 6), but in most instances the 
amplitude of pulsation proved the most 
reliable sign. In some cases there were pul- 
sations of normal or greater than normal 
amplitude over the upper left berder in the 
region of the pulmonary conus, in others 
the pulsations at the apex were increased in 
amplitude. Postoperative kymograms uni- 
formly showed increase in amplitude of the 
pulsations, particularly over the left border 
but that this increase in pulsation was not 
always related to the degree of clinical im- 
provement as illustrated by a case in 
which only a slight general increase in the 
amplitude of pulsation is seen in a — 
who is markedly improved (Fig. 8). 

others a fairly marked increase in tate 
has been associated with only moderate 
improvement in the clinical condition. 
Pulsations of increased amplitude over the 
aorta may be of value in estimating the in- 
crease in cardiac output but are difficult to 
visualize, may be obscured by adhesions 
and are probably not reliable in many cases. 


COMMENT 


The roentgenologist’s principal réle in 
the diagnosis of chronic constrictive peri- 
carditis lies in demonstrating the existence 
of scarring and adherence of the pericar- 
dium. Clinical and laboratory findings of 
obstruction to the venous inflow and dim- 
inution of the systolic output of the heart 
supply the evidence that these pericardial 
changes interfere with cardiac function. 
That thickening and adherence of the peri- 
cardium may exist without such disturb- 
ance is known,'?:?7?> and that adhesions 
between the heart, pericardium, and ad- 
jacent structures probably do not affect the 
heart or circulation in any way except by 
constriction and interference with the 
diastolic filling and systolic emptying of the 
heart has also been pointed out.‘*? The 
most reliable signs of the presence of 
such an adhesive process in the pericar- 
dium appear to be the following: limita- 
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tion of the lateral shift on change in 
position and of elongation of the heart on 
descent of the diaphragm, calcification in 
the pericardium, absence of or a small and 
flattened aortic knob, loss of anatomical 
configuration of the cardiac silhouette, 
pulmonary congestion, and the roentgeno- 
scopic or roentgen kymographic demon- 
stration of diminution of pulsation over all 
or part of the cardiac silhouette. None of 
these signs are pathognomonic in them- 
selves and it is only by the composite pic- 
ture of those that are present that the 
roentgenologist can suspect the presence 
of Pick’s disease. When pericardial calcifi- 
cation is present in a patient exhibiting a 
compatible clinical picture it is the most 
reliable sign of all, particularly in those 
cases in which the size of the cardiac sil- 
houette is increased. In the absence of cal- 
cification a sufficient number of other signs 
can usually be elicited to make the diag- 
nosis possible. That lateral views are the 
most reliable in the demonstration of cal- 
cium and that heavy exposures are neces- 
sary at times should be kept in mind. 
Demonstration of extrapericardial ad- 
hesions, paradoxical motion of the dia- 
phragm, and the width of the superior 
mediastinum have been of minor diagnostic 
value in this series. 

The emphasis that has been placed on 
the small quiet heart in the diagnosis of 
chronic constrictive pericarditis may be 
justified in most cases on clinical grounds 
but too strict adherence to this principle 
may cause one to overlook the group in 
which there is roentgenologic evidence of 
considerable enlargement of the cardiac 
silhouette. In addition, failure to search 
for the signs which have been enumerated 
may forfeit the chance for possible success- 
ful surgery in the occasional case in which 
chronic constrictive pericarditis coexists 
with other types of cardiovascular disease. 
Illustrative of this point is Case 1x in 
which hypertension and a large boot- 
shaped heart are present’and a case in 
which Oppenheimer, Hitzig and Neuhof"* 
relate the coexistence of rheumatic heart 
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disease with mitral stenosis and of chronic 
constrictive pericarditis with a pericardium 
1.5 cm. in thickness. Unfortunately the 
roentgenologic observations in the latter 
case are not recorded. 


CONCLUSIONS 


1. Roentgenologic study is of consider- 
able importance in the differential diagno- 
sis of chronic constrictive pericarditis. 

2. When venous engorgement, serous 
effusions, and hepatomegaly are present 
indicating obstruction to the flow of blood 
through the heart the composite roent- 
genologic picture pointing most conclu- 
sively to chronic constrictive pericarditis 
as a cause of this obstruction is as follows: a 
small or only slightly enlarged heart of 
abnormal configuration and often a rim of 
calcium at the periphery. The aortic knob 
is absent or flattened and deformed. Roent- 
genoscopic examination reveals the excur- 
sions of the margins to be diminished to the 
point that the heart seems almost to be 
standing still. When the patient is tilted 
from side to side the heart remains fixed 
in the midline and fails to elongate when 
the diaphragms move downward. Pulmo- 
nary congestion is usually evident, pleural 
thickening or effusion and extrapericardial 
adhesions deforming or imparting abnormal 
motion to the diaphragm may be found. 
The kymogram confirms the marked de- 
crease in the amplitude of pulsation over 
the borders of the heart and of the aorta. 

3. Roentgenoscopic signs in the order of 
their diagnostic importance are: (a4) limi- 
tation of the lateral shift of the anatomical 
axis of the heart with changes in position; 
(4) limitation of the elongation of the heart 
with descent of the diaphragms when the 
heart is not greatly enlarged and there is 
no marked limitation of diaphragmatic 
motion; (c) decrease in the amplitude of 
cardiac pulsations over portions or all of 
the cardiac silhouette; and (d) paradoxic 
motion or deformity of the diaphragms due 
to the tugging of adhesions. 

4. Calcification is the most reliable sign 
of chronic constrictive pericarditis espe- 
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cially when the cardiac silhouette is en. 
larged but is present in less than half of the 
cases and when present does not always in. 
dicate constriction of the heart. It is some. 
times visible under the roentgenoscope but 
is best demonstrated in lateral roentgeno- 
grams and occasionally heavy exposures 
are necessary to demonstrate its presence, 

5. In the absence of calcification the 
most common roentgenographic signs of 
chronic constrictive pericarditis are: (a) a 
small and flattened or absent aortic knob; 
(4) abnormal configuration of the cardiac 
silhouette, usually with a triangular or 
globular shape and loss of the normal sub- 
divisions of the borders; and (c) evidence 
of pulmonary congestion. 

6. The size of the cardiac silhouette, 
when small, is of considerable importance 
but a marked increase in size or evidence of 
cardiovascular disease of other etiology 
(hypertension and arteriosclerosis for ex- 
ample) does not necessarily rule out the 
diagnosis of chronic constrictive pericardi- 
tis. In these cases the diagnosis is more 
difficult but can usually be made from the 
composite roentgenologic and clinical pic- 
tures. 

7. There was no constant relationship 
between the thickness of the pericardium 
removed at operation and the size of the 
cardiac silhouette in roentgenograms. 

8. The roentgen kymogram is of con- 
siderable aid in the diagnosis especially in 
the study of the pulsations along the aorta 
and right border of the heart where the 
amplitude of pulsation was found to be 
most regularly reduced. In addition to the 
reduced amplitude of pulsation, flattening 
and irregularity of the diastolic peak of the 
wave is sometimes a helpful but less im- 
portant finding. Pulsations of normal or 
greater than normal amplitude may be 
seen over portions or over all of the left 
border. 

9g. No constant changes in the size or 
appearance of the cardiac silhouette or of 
the aorta were observed following opera- 
tion. Some hearts became larger, others 
small. Increase in the amplitude of pul- 
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THE DIAGNOSIS OF CONGENITAL HEART 
LESIONS IN CHILDREN* 


By G. W. GRIER, M.D. 


Professor of Radiology, University of Pittsburgh 
PITTSBURGH, PENNSYLVANIA 


brs diagnosis of congenital anomalies 
of the heart and great vessels and par- 
ticularly the identification of the lesion, or 
lesions, present is always difficult. Often no 
effort at identification is made beyond 
classifying the lesion as “with” or “with- 
out” cyanosis. 

There is a general opinion that the 
roentgenogram is not of a great deal of 
value in the specific identification of these 
lesions. Being a radiologist and much in- 
terested in the subject, I have attempted 
to analyze the material which has passed 
through my hands in the last ten years in 
an effort to determine just what may or may 
not be expected of the roentgen ray in these 
cases. To this end the case records and 
roentgenograms of 254 cases diagnosed and 
indexed in the hospital records as congeni- 
tal heart disease have been studied. 

I wish to acknowledge here the valued 
assistance of Dr. Eva Carey and Dr. John 
M. Hill in the somewhat onerous task of 
studying in some detail this rather volu- 
minous mass of records. 

All but 13 of these cases have been seen 
at the Children’s Hospital and since my 
experience has been almost exclusively 
limited to children, the remarks embodied 
in this article may be accepted as applying 
to infants or children. 

Twenty-three of the 254 cases were dis- 
carded after an initial survey because it 
was felt that there was a reasonable doubt 
that they were congenital anomalies. Three 
were disproved by autopsy, 4 had positive 
autopsy but no roentgenogram, 7 had a 
history of rheumatism and the remaining 
g seemed to lack definite proof that the 
lesion was congenital. The remaining 231 
cases are analyzed in Table 1. 

One of the surprising facts brought out 


in this table is the relatively small number 
(about 10 per cent) of cases in which a 
specific diagnosis was not attempted be- 
yond the generalization of congenital heart 
disease. Most of these undiagnosed cases 
occurred during the early part of the ten 
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Ventricular defect 43 

Ventricular defect plus dextroposed aorta 2 

Ventricular defect plus patent ductus arteri- 
osus I 

Interauricular defect including foramen 
ovale 28 

Interauricular defect plus patent ductus 
arteriosus 13 

Defect in both septa 11 

Defect in both septa plus patent ductus ar- 
teriosus 3 

Defect in both septa plus atresia of the aorta I 

Patent ductus arteriosus alone 21 

Tetralogy of Fallot 9 

Lutembacher’s disease 

Pulmonary stenosis 29 

Pulmonary stenosis plus ventricular defect 

Pulmonary stenosis plus interauricular de- 
fect 

Aortic stenosis 

Coarctation of the aorta 

Coarctation of the aorta plus ventricular de- 
fect 

Persistent right arch of the aorta 

Transposition of great trunks 

Malrotation of the heart 

Tricuspid stenosis 

Mitral stenosis 

Dextrocardia alone 

Dextrocardia with other cardiac anomalies 

Dextrocardia with situs inversus 

Cor biventriculare triloculare 

Cor biatriatum triloculare 

Cor biloculare 

No differential diagnosis made (roentgen 
findings positive 9; negative 15; clinically 
positive 24) 
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* Presented at the Forty-third Annual Meeting, American Roentgen Ray Society, Cincinnati, Ohio, Sept. 23-26, 1941. 
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year period when our experience with 
roentgen diagnosis was slight. Unfortu- 
nately, most of the films of that period have 
been discarded and we are not able to 
review them now in the light of an in- 
creased experience. The fact that a specific 
diagnosis was made cannot, of course, be 
accepted as. proof of the correctness of that 
diagnosis. 

Forty-four cases came to autopsy, so we 
have at least that number in which we 
know the exact diagnosis. The roentgen 
appearance of these known cases is used as 
a basis for diagnosis, and although there 
are numerous individual variations and 
although the appearance may vary at dif- 
ferent stages of the same case, there are 
certain general characteristics in several 
anomalies which make their recognition 
reasonably accurate. These will be de- 
scribed in detail later. 

In addition to the 44 cases which came 
to autopsy, death occurred in 29 others in 
which autopsy was not granted, a total of 
73 deaths in 231 cases while under observa- 
tion. 

While a strictly scientific approach to 
the subject might require exclusion of all 
cases that did not come to autopsy, such 
a course would not help much in furthering 
the object of this study; namely, increased 
accuracy in diagnosis. Many cases of con- 
genital heart disease live beyond childhood 
and consequently would not come to 
autopsy during the age period covered by 
our observations. 

For purposes of study, congenital heart 
lesions may be classified as follows: 


1. Septal defects. 

2. Anomalous chambers. 

3. Anomalous great vessels. 
4. Valvular lesions. 


A subdivision of the four primary classi- 
fications follows: 


Defects of the interauricular septum: 


. Patent foramen ovale. 

b. Patent ostium primum. 
Patent ostium secundum. 

. Absent septum. 
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Defect of the interventricular septum. 
Ostium atrioventriculare commune. 


Anomalous chambers: 


a. Cor biventriculare triloculare—one auricle and 
two ventricles. 

b. Cor biatriatum triloculare—two auricles and one 
ventricle. 

c. Cor biloculare—one auricle and one ventricle. 


Anomalous great vessels: 


a. Patent ductus arteriosus. 

b. Persistent truncus arteriosus. 

c. Defect in aortic septum. 

d. Aortic stenosis or atresia. 

e. Pulmonary stenosis or atresia. 
f. Transposition of great trunks. 
g. Persistent right arch of aorta. 
h. Coarctation of aorta. 


Congenital valvular lesions: 


a. Tricuspid. 
b. Pulmonic. 
c. Micral. 
d. Aortic. 


Any of these valves may be the seat of 
developmental anomalies such as absence 
of one or more cusps, supernumerary cusps, 
or thickened and fibrotic cusps. The num- 
ber of cusps may have no pathological sig- 
nificance, but the presence of any of the 
other defects usually results in stenosis at 
the valve. Congenital insufficiency is ap- 
parently very rare. In one of our cases, 
tricuspid insufficiency was found at au- 
topsy. Valvular endocarditis is thought by 
some authors to occur in fetal life, but this 
is disputed by others. There were no such 
cases recognized in our series. 


DEFECT OF INTERVENTRICULAR SEPTUM: 
ROGER’S DISEASE 


This lesion is a common anomaly, 
thought by some to occur even more fre- 
quently than defects of the interauricular 
septum. 

The defect is usually a small circular 
opening occurring high up on the septum 
and behind the septal segment of the tri- 
cuspid valve. Occasionally the opening is 
large and very rarely it occurs in the lower 
part of the septum. Usually the fibers of 
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the bundle of His extend around the open- 
ing, but if the defect is very large it may 
separate the bundle from the auriculo- 
ventricular node and thus produce heart 
block. 

The blood flows from left to right 
through this opening except as a terminal 
event. The opening is surrounded by fi- 
brous tissue which may have a tendency to 
contract and make the opening smaller. An 
area of fibrosis also develops at the spot on 
the wall of the right ventricle where the 
column of blood impinges with consider- 
able force. These areas of fibrosis are signifi- 
cant because it is there that vegetations 
develop from the bacterial endocarditis 
which eventually supervenes in many cases. 

Rarely the opening may merge with a 
patent ostium primum in the interatrial 
septum, thus producing a defect which 
opens into all the chambers of the heart. 
The cusps of both the tricuspid and mitral 
valves are almost certain to be involved if 
the opening is at all large. Cyanosis is 
usually not very great. Mongolism is said 
to occur very frequently in this particular 
defect. 

Complete absence of the ventricular 
septum (cor biatriatum triloculare) allows 
free mixture of arterial and venous blood 
and is naturally accompanied by some 
cyanosis, but cases of this sort have been 
known to reach the age of thirty-five years. 

Small defects in the ventricular septum 
have no clinical significance and are ac- 
companied by no symptoms in the absence 
of endocarditis. A loud prolonged systolic 
murmur is present, heard most distinctly 
in the third and fourth interspaces close to 
the sternum. A thrill accompanies the mur- 
mur in about one-third of the cases. Cya- 
nosis is usually absent. In small infants it 
may develop on exertion. Clubbing of the 
fingers occurs only in the terminal stages. 
There is no dyspnea. The lesion is compat- 
ible with normal adult life if it occurs alone. 
However, it often occurs in combination 
with other anomalies. Occurring as a soli- 
tary lesion the chief danger is endocarditis. 

The extra flow of blood into the right 
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ventricle causes enlargement of that cham. 
ber and also of the pulmonary artery. The 
left ventricle is somewhat less prominent 
than normal. The enlargement of the right 
ventricle pushes the heart up off the dia- 
phragm and on the roentgenogram the apex 
is quite a distance above the diaphragm 
instead of resting on it in the usual manner. 
The left ventricle is not nearly as full as 
normal, but the bulge of the pulmonary 
conus is exaggerated. 

The entire heart silhouette bears a 
striking resemblance to a wooden shoe, the 
classical “‘coeur en sabot’’ so frequently 
described in the literature. At this stage 
the roentgen appearance is diagnostic, 
Sometimes in terminal stages the marked 
enlargement of the heart gives it a more or 
less globular appearance which is no longer 
characteristic. 

In this series, 43 cases were diagnosed 
interventricular defect alone; 2 in combina- 
tion with a dextraposed aorta; 1 with a 
patent ductus arteriosus; 9 as a part of the 
tetralogy of Fallot; and 15 in combination 
with atrial defects—a total of 70 cases out 
of 231. 

The roentgen appearance is possibly the 
most characteristic of all congenital heart 
anomalies. The wooden shoe-shaped heart 
with the apex pushed up off the diaphragm 
by the enlarged right ventricle is easily 
recognized and quite characteristic. The 
case presented here is perhaps more globu- 
lar in shape than is usually seen, but I think 
the general effect is unmistakable. 


Case 1 (Fig. 1). R. B., white male infant, 
aged five months. Admitted to the Hospital 
September 1, 1939, because of cyanotic attacks. 

The child had the typical appearance of 
mongolian idiocy. He had a fine papular rash 
over the entire body. He had an acute tonsillitis 
and pharyngitis at time of admission. Roent- 
genogram of chest showed a consolidation of 
both upper lobes, diagnosed bronchopneumonia. 
The heart was somewhat enlarged and the 
shadow of the great vessels was smaller than 
normal. The roentgen appearance was thought 
to indicate a congenital heart lesion. 

The cardiologist reported the heart enlarged 
to the right; pulsations forceful, rapid and regu- 
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lar. The heart sounds were rough. There was a 
harsh systolic murmur at the apex. The diag- 
nosis was congenital heart lesion, probably 
ventricular septal defect. 

The child died on September 15, 1939, from 
a pneumonia. 

Autopsy of the heart showed a marked dila- 
tation of the right auricle. The aortic and pul- 
monary arteries were normal in size and posi- 
tion and the ductus arteriosus was not patent. 
The bicuspid and tricuspid valves were not 
thickened and there were no vegetations. There 
was a defect in the interventricular septum 
measuring approximately 0.§ by 0.75 cm. 

Diagnosis: Patent interventricular septum. 


When defects occur in both the interatrial 
and interventricular septa, the shape of the 
heart includes the characteristics of both. 
The left side of the heart has the typical 
wooden shoe effect and on the right side 
the auricle is unusually prominent. Some- 
times the shadow of the ascending aorta is 
absent, but in some cases a rather rec- 
tangular supracardiac shadow is noted. 
Other defects are not uncommon and in 
such cases loss of compensation occurs 


Fic. 1. Case 1. Large interventricular septal defect. 
Note marked enlargement of the right heart and 
the upward displacement of the heart with the 
apex high up off the diaphragm. 
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Fic. 2. Case u. Patent foramen ovale and patent 
interventricular septum. Characteristics of both 
defects are present; namely, dilated right auricle, 
absence of shadow of ascending aorta, and upward 
displacment of the heart with the apex off the 
diaphragm. 


early and the heart becomes extremely 
enlarged. At that stage the characteristic 
shape no longer prevails and differential 
diagnosis is not possible. 

Of the 15 cases we have seen, I1 pre- 
sented a sufficiently characteristic  sil- 
houette to justify a positive diagnosis. The 
following case is a typical illustration: 


Case 11 (Fig. 2). D. D., white male, aged six 
months. Admitted to the Hospital August 15, 
1938. The baby had a fever and diarrhea. He 
was one month premature, but had no trouble 
until the present complaint. 

The child was well developed, had a mon- 
golian expression and marked tendency to cya- 
nosis. Liver was quite enlarged. Nails were 
cyanotic, but there was no clubbing. The heart 
was enlarged on percussion, but no murmurs 
noted. 

Roentgen examination showed a marked en- 
largement of the heart which involved all the 
chambers. 

The child was readmitted on March 22, 1939, 
at which time examination of the heart revealed 
roughening of the first sound at the apex. There 
was a sinus arrhythmia. At the end of one week 
the child developed erysipelas ftom which he 
promptly died. 

At autopsy, the heart was markedly enlarged, 
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occupying most of the thorax. There was a small 
patent foramen ovale. There was a moderate 
thickening of the right ventricular wall. There 
was a defect in the upper portion of the ven- 
tricular septum 1.5 cm. in diameter. A persist- 
ent truncus arteriosus straddled the defect in 
the septum. The three vessels in the arch of the 
aorta arose from their usual position. The pul- 
monary artery arose just distal to the left 
subclavian. 

Diagnosis: Patent foramen ovale; patent 
interventricular septum; persistent truncus 
arteriosus. 


DEFECT OF INTERAURICULAR SEPTUM 


This lesion is usually considered to be 
the most common of all congenital heart 
anomalies. If those cases in which the 
foramen ovale presents a slit-like opening 
covered by a flap on the left side of the 
septum are included, this is undoubtedly 
true. Various observers have reported from 
30 to 44 per cent of all autopsies as pre- 
senting a potential opening of this type, 
which in most cases does not allow leakage 
because the higher pressure on the left side 
keeps the flap closed. 

An incompetent foramen ovale probably 
develops from a combination of two causes: 
(1) a reversal of the usual situation in which 
the pressure on the right side of the heart 
becomes greater than the left. This could 
be brought about by an obstruction of 
some sort, for instance other congenital 
anomalies at the tricuspid or pulmonary 
valve areas, or increased pressure in the 
pulmonary circulation from congestion, 
atelectasis, or any acute pathological con- 
dition in the newborn; (2) the dilatation 
of the right heart, particularly the auricle, 
which results from obstruction, 
stretches the opening of the foramen and 
makes it incompetent. When the foramen 
ovale is incompetent the opening is no 
longer slit-like, but presents a gap which 
the flap cannot cover. 

The foramen ovale is in the upper part 
of the septum. 

Defects in the lower part of the septum 
are due to a persistence of the ostium 
primum. The opening due to this cause may 
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be of any size, even involving the entire 
septum ‘and producing a three-chambered 
heart which has one auricle and two ven. 
tricles—‘“‘cor biventriculare triloculare.” 

The ostium secundum is at the upper 
end and posterior portion of the septum 
and can also be patent. The result of an 
opening in the interatrial septum is a flow 
of blood from the left auricle back into the 
right. The blood continues to flow in this 
direction as long as the systemic pressure 
remains higher than the pulmonic pressure. 
This may go on indefinitely if there are no 
other heart lesions to interfere with a free 
flow in the right side of the heart, if the 
myocardium remains normal and nothing 
happens to raise the pressure in the pul- 
monary circulation. 

Under these circumstances, the only 
symptoms are those of deficient circulation, 
with general under-development, pallor, 
weak pulse and low blood pressure. In our 
experience a number of cases of mongolism 
have been noted. Cyanosis is not present 
unless a reversal of flow develops with 
venous blood mixing with arterial. This 
naturally occurs in the terminal stages of 
the disease, but until then moderate sized 
defects are symptomless unless compli- 
cated by other anomalies. Abbott reports 
only 36 out of 112 cases of patent foramen 
ovale uncomplicated by other lesions. 

As a result of the extra blood flowing 
back into the right auricle, this chamber 
becomes dilated, followed by an enlarge- 
ment also of the right ventricle and pul- 
monary artery. For the same reason, that 
is, less blood in the left side of the heart, 
these chambers are smaller than normal 
and the shadow of the ascending aorta and 
arch are very small and often not seen to 
the side of the spine in the roentgenogram. 

This produces a very characteristic 
silhouette on the roentgenogram. The heart 
is quite enlarged, there is a decided accen- 
tuation of the pulmonary arc on the left 
border, the shadow of the ascending aorta 
is absent and the aortic knob very small, 
or absent. The heart has a rather globular 
shape. In extreme enlargement the right 
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ventricle may push the heart up off the 
diaphragm, producing the wooden shoe 
silhouette seen in defects of the inter- 
ventricular septum. In general, the roent- 
gen appearance is so characteristic as to be 
quite diagnostic. 

There is no difference in the roentgen 
appearance between patent foramen ovale 
and patent ostium primum or secundum. 
However, there is one point which may 
have some value in differentiation. The 
opening in defects of the septum practi- 
cally always allows more leakage than a 
patent foramen ovale because it is larger 
and there is no flap to interfere. If a series 
of roentgenograms shows a rapid increase 
in the size of the heart, the lesion is more 
likely to be a defect of the ostium. 

Interatrial defects, particularly patent 
foramen ovale, are not inconsistent with 
normal living and many cases reach early 
or middle adult life. 

One complication which may prove fatal 
is an aneurysmal dilatation of the pulmo- 
nary artery. When this occurs, cyanosis and 
dyspnea become marked, there is clubbing 
of the digits, the heart is very large, the 
precordium may bulge, the systolic mur- 
mur becomes louder and blowing in char- 
acter. On the roentgenogram the shadow 
of the pulmonary conus is much exag- 
gerated, the lungs show evidence of conges- 
tion, the hilar shadows are enlarged and 
the heart much larger than before. 

A certain percentage of cases of inter- 
atrial defect develop mitral insufficiency, or 
mitral stenosis, particularly the latter, 
which is called Lutembacher’s disease. 
There has been some dispute as to whether 
the mitral lesion is also congenital. Lutem- 
bacher thought the stenosis at the mitral 
valve was congenital and primary, and 
that the obstruction to the free flow of 
blood which resulted from it prevented the 
normal closure of the foramen ovale. 

Other observers think that mitral disease 
is acquired. When this combination exists, 
a dilated left auricle is added to the changes 
already described. This causes the heart to 
be larger and even more globular in ap- 
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pearance. At roentgen examination the 
enlarged left auricle may be detected on an 
oblique view. Patients with this combina- 
tion have also been known to reach adult 
life and lead an essentially normal exist- 
ence. 

In this series, 28 cases were diagnosed 
interatrial defect or patent foramen ovale, 
13 atrial defect plus patent ductus arteri- 
osus, and 3 atrial defect plus mitral 
stenosis, a total of 44 cases. 

This compares with a total of 46 cases 
of interventricular defect, a slight prepon- 
derance of the latter, but essentially the 
two are about equally common and defi- 
nitely more numerous than any other 
anomaly. 

Our cases emphasize what has already 
been pointed out. The roentgen appearance 
is quite definite and characteristic and I 
believe can be relied upon for diagnosis. 
The marked dilatation of the right auricle, 
the fullness in the region of the pulmonary 
conus and the hypoplasia of the aorta are 
all easily recognized and have diagnostic 
value. They are illustrated in the following 
typical case: 


Case 111 (Fig. 3). R. A. H., white male, aged 
three months. Admitted to the Hospital on 
October 17, 1940. 

This child has always had a noisy respiration, 
particularly when taking a bottle. He had fever 
for the previous twenty-four hours. 

Examination of the chest revealed scattered 
rales over both lunys, dullness in the right upper 
lobe. 

A roentgenogram of the chest revealed 
bronchopneumonia in both upper lobes. The 
general appearance of the child suggested 
mongolism. He was discharged October 24, 
1940. 

He was readmitted on November 5, 1940, be- 
cause of vomiting and diarrhea. His condition 
became steadily worse and he died on Novem- 
ber 23, 1940. The immediate cause of death was 
acute pancreatitis. 

Autopsy revealed patent foramen ovale, but 
the heart was otherwise normal. 


Interatrial defect complicated by a pat- 
ent ductus arteriosus throws an additional 
amount of blood into the pulmonary artery 
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Fic. 3. Case m1. Patent foramen ovale. Note marked 
enlargement of the right auricle and absence of the 
normal shadow of the ascending aorta. 


from the aorta and increases the enlarge- 
ment in the region of the pulmonary conus. 
In the presence of the other signs of atrial 
defect, if the pulmonary conus is extraor- 
dinarily large, a complicating patent duc- 
tus arteriosus may be inferred. The follow- 
ing case, while it has not come to autopsy, 
is presented as a probable example of this 
combination. 


Case tv (Fig. 4). J. A., colored female, aged 
four months. Admitted to the Hospital April 20, 
1941, with history of cough and fever for the 
past five days. 

Physical examination showed the child to be 
acutely ill. She had a mucopurulent discharge 
from the nostrils, and an area of dullness on per- 
cussion over the left lung. A diagnosis of 
bronchopneumonia was made. The child was 
placed on sulfathiazole and recovered promptly 
from the pneumonia. 

Roentgen examination showed a marked en- 
largement of the right heart and dilatation in 
the region of the pulmonary artery. The shadow 
of the ascending aorta was much smaller than 
normal. The appearance was thought to be due 
to patent foramen ovale accompanied by patent 
ductus arteriosus, because of the marked en- 
largement in such a small infant. 
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The child was discharged on April 28, 1941, 
with a diagnosis of bronchopneumonia, second. 
ary anemia and congenital heart disease. 

Diagnosis: Patent foramen ovale; patent 
ductus arteriosus. 


The combination of an atrial defect and 
mitral stenosis is recognized by a dilated 
right auricle, an absence of the normal 
shadow of the ascending aorta and a 
marked enlargement of the left auricle, 
This has been called Lutembacher’s disease 
and is illustrated in the following case 
which did not come to autopsy, but is sub- 
mitted as a probable example. 


Case v (Fig. 5). R. M. H., white female, aged 
two and one-half. Admitted to the Hospital 
on December 4, 1939, for observation. 

The child became blue around the nose and 
mouth when playing and at times she would be 
so weak and dizzy that she had to stop. She had 
a poor appetite and very little energy. She 
exerted herself only on much urging. 

Urinalysis and blood count were normal. 
Tuberculin test was negative. Pyelogram of the 
kidneys was normal. The heart sounds were 
normal; no murmurs heard. 


Fic. 4. Case 1v. Patent foramen ovale and patent 
ductus arteriosus. In addition to the characteris- 
tics of patent foramen ovale, there is a marked 
bulging in the region of the pulmonary conus 
which is unusually large because both defects tend 
to dilate the pulmonary artery. 
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Roentgenogram of the chest showed an en- 
largement of the left ventricle, also enlargement 
of the right auricle and marked prominence of 
the left auricle. The shape of the heart suggested 
mitral stenosis plus patent interauricular 
septum. 

The child was discharged with a clinical diag- 
nosis of congenital heart disease, probably 
patent interauricular septum. 


PATENT DUCTUS ARTERIOSUS 

The ductus arteriosus is a small vessel 
normally about 1 cm. long and 5 mm. in 
diameter, which connects the aorta in the 
region of the arch with the pulmonary 
artery. It has no function in post-natal life 
and closes within three weeks of birth. As 
a matter of fact, the work done recently by 
Barclay and others would seem to indicate 
thatit closes within a few minutes of birth. 

Its closure is brought about by the eleva- 
tion of the systemic blood pressure after 
birth which makes pressure against and 
closes the aortic end. 

Different conditions may prevent this 
normal sequence of events. Atelectasis of 
the lungs has been suggested as one cause. 
Other congenital anomalies which cause a 
back pressure in the right side of the heart 
may cause the blood to flow backward 
through the ductus and prevent its closure. 
This anomaly is often seen in combination 
with interventricular defects or pulmonary 
stenosis, occasionally with patent foramen 
ovale. About two-thirds of all cases have 
an associated anomaly. For some reason it 
is seen much more frequently in the female. 

The flow of blood is from the aorta into 
the pulmonary artery and if the lesion is 
uncomplicated, there is no cyanosis or 
other symptoms except those which are 
brought about by poor systemic circulation 
such as pallor, anemia, under-development 
and general signs of arterial depletion. 
After some unusual exertion, crying, cough- 
ing, or anything to raise the pulmonary 
circulation, the blood flows temporarily 
from the pulmonary artery into the aorta 

and a transient cyanosis occurs. Where 
_ there are other anomalies which eventually 
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lic. 5. Case v. Interatrial defect plus mitral stenosis. 
In addition to the characteristic enlargement of 
the right auricle and absence of the ascending 
aorta, there is also a marked enlargement of the 
left auricle. 


bring about a reversal of flow the cyanosis 
is, of course, constant. 

The result of the shunt into the pulmo- 
nary artery is a dilatation of that structure 
which may reach a great size, more or less 
aneurysmal in character and rupture of 
the ductus is one of the causes of death. 

If the ductus is not very large, the only 
change in the heart may be a hypertrophy 
of the left ventricle in its effort to compen- 
sate for the lack of blood in the systemic 
circulation. If other anomalies are associ- 
ated there is a general enlargement of the 
heart. 

In late stages an insufficiency of the 
pulmonary valve may develop as a conse- 
quence of the greatly dilated pulmonary 
artery and this is followed by a dilatation 
of the right side of the heart. A character- 
istic murmur is present in about one-third 
of all cases which persists through both 
systole and diastole, and because of its to 
and fro quality has been called a “‘machin- 
ery murmur.” If present it is diagnostic of 
the lesion. 

The systolic portion of mc murmur is 
supposed to be generated in the ductus, the 
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diastolic portion in an incompetent pul- 
monary valve. It is heard best in the second 
interspace on the left side and is accom- 
panied by a thrill. Radial pulse may be 
unequal, the left larger than the right. The 
electrocardiogram is not characteristic. 
There is a marked tendency toward the 
development of infective endocarditis 
which is often fatal. Calcified areas often 
develop at either end of the ostia and these 
prédispose to rupture. 

Of 92 cases reported by Abbott, 28 died 
of endocarditis, 24 of decompensation, 16 
of sudden heart failure and 2 of rupture of 
the ductus. 

The roentgen appearance is quite char- 
acteristic in uncomplicated cases and before 
loss of compensation has taken place. 
Under these circumstances there is a 
marked enlargement of the pulmonary 
conus, often so great as to completely dis- 
tort the normal shape of the pulmonary 
arc. The heart itself is of normal size and 
shape with the possible exception of an 
enlarged left ventricle. The ductus itself 
cannot be seen because of its location and 
its very short course. The dilated pulmo- 
nary artery when watched by roentgeno- 
scope decreases in size with forced inspira- 
tion, and increases in size with forced 
expiration. Pulsation in both aorta and 
pulmonary artery is increased in vigor. 

It is quite important to be able to recog- 
nize complicating anomalies, since uncom- 
plicated cases may be operated upon and if 
this is done before endocarditis develops, 
cure is possible. Where the ductus is not 
very large, roentgen examination is ex- 
tremely helpful as the marked dilatation of 
the pulmonary conus and the absence of 
other changes in the heart are quite typical. 

The other common causes of a dilated 
pulmonary conus are pulmonary stenosis 
and interauricular defects. The latter pro- 
duces other characteristic roentgen changes 
as already described, and the other two can 
usually be differentiated clinically, espe- 
cially if the “machinery murmur” is pres- 
ent. 

Cases which are complicated by other 
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congenital defects present many difficulties 
in diagnosis, some of which are discussed 
elsewhere in this article. In the main 
general enlargement of the heart or marked 
enlargement of specific chambers is sug. 
gestive of complicating anomalies. 

In this series of cases, there were 2 
which were diagnosed patent ductus ar- 
teriosus alone, and 18 which occurred jn 
combination with some other lesion. As 
already stated, the characteristic roentgen 
changes are a dilatation of the pulmonary 
conus, usually accompanied by an enlarge- 
ment of the left ventricle. If in addition 
the characteristic ‘machinery murmur” js 
heard, there can hardly be any doubt as to 
the diagnosis. 

The other congenital anomaly which 
often presents a similar roentgen appear- 
ance, namely, pulmonary stenosis, has a 
different type of murmur and should be 
easily differentiated clinically. 

The characteristic findings of an enlarged 
left ventricle and accentuated pulmonary 
conus are well illustrated in the following 
case: 


Case vi (Fig. 6). E. M., white female, aged 
two months. Admitted to the Hospital on May 
30, 1941. 

The child was well until it was about one 
month old, but at that time began to vomit and 
was losing weight; she was extremely emaciated. 
There was a loud blowing systolic murmur 
heard over the base of the heart. 

The cardiologist examined the patient and 
thought she had a patent ductus arteriosus. 

A roentgenogram was made which showed an 
enlargement in the region of the right auricle 
and also in the region of the pulmonary conus. 
There was an absence of the aortic knob. The 
appearance was thought to be suggestive of 
patent foramen ovale plus patent ductus ar- 
teriosus. 

The child was discharged on June 15 and re- 
admitted on June 23 with a bronchopneumonia 
from which she died on the following day. 
Autopsy was not performed. 

Diagnosis: Patent ductus arteriosus. 


Where a patent ductus arteriosus occurs 
in combination with a patent foramen 
ovale, the presence of both may be inferred 
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by the rapidity with which the pulmonary 
conus enlarges, due to the fact that addi- 
tional blood reaches this region by way of 
both anomalies; that is, backward through 
the ductus and from the left auricle to the 
right auricle, into the right ventricle and 
to the pulmonary artery. 

The combination of patent ductus ar- 
teriosus with ventricular septal defects, or 
with anomalous chambers, cannot be dem- 
onstrated by roentgen examination, to the 
best of my knowledge. 

It apparently requires more than a few 
days after birth for the dilatation of the 
pulmonary artery to develop in an un- 
complicated case of patent ductus. One 
case which died on the third day, and 2 
cases which died on the fourth day, came 
to autopsy and although all of them pre- 
sented a patent ductus and nothing more, 
the roentgenograms which had been made 
of all failed to show an enlarged pulmonary 
conus, or any other abnormality of the 
cardiac silhouette. 


TETRALOGY OF FALLOT 


The four lesions which make up the 
tetralogy are: 


. Ventricular septal defect. 

. Pulmonary stenosis. 

. Dextroposition of aorta. 

. Hypertrophy of right ventricle. 


The defect in the septum is high up under 
the cusps, is often round with smooth edges 
and may be large or small. 

The pulmonary stenosis usually com- 
bines a stenotic valve, often bicuspid ac- 
cording to Abbott, with hypoplasia or 
atresia of the pulmonary artery. The pul- 
monary conus is narrow and deformed. 
Probably the narrowing of the artery is 
mainly due to a misplaced aortic septum 
encroaching upon the pulmonary side, as 
an enlarged widened aorta is also a part of 
this combination. 

The aorta is unusually large and is dis- 
placed toward the right. It opens opposite 
the septal defect and receives blood from 
both ventricles. 
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Fic. 6. Case vi. Patent ductus arteriosus. Note 
marked bulging in the region of the pulmonary 
conus. 


The right ventricle is enlarged from hy- 
pertrophy in an effort to overcome the ob- 
struction of the pulmonary stenosis, and 
also because of the back flow through the 
defect in the septum. Because of the dis- 
proportionate enlargement of the right 
ventricle, the heart is pushed up off the 
diaphragm and the apex displaced upward, 
producing the “coeur en sabot”’ appearance 
previously mentioned as being character- 
istic of defects of the interventricular 
septum. 

However, the roentgen appearance in 
the tetralogy of Fallot differs from that of 
an uncomplicated ventricular septal defect 
because of the other anomalies present. 
The stenosis of the pulmonary artery and 
conus produces a concave effect instead of 
the normal pulmonary arc, and the widened 
and displaced aorta is easily recognized 
definitely to the right of its normal location. 
Taken together, these changes are specific 
and not difficult to recognize, so that the 
roentgen diagnosis is quite reliable. 
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Fic. 7. Case vu. Tetralogy of Fallot. The inter- 
ventricular defect produces the characteristic 
wooden shoe shape. There is a concavity in the 
region of the pulmonary conus produced by pul- 
monary stenosis, the right heart is quite enlarged 
and the ascending aorta is displaced to the right. 


The cyanosis in these cases is rather 
marked and is accompanied by clubbing of 
the extremities and polycythemia which 
may reach 8 or g million. The increase in 
red cells in these cases is, of course, 
Nature’s effort to compensate for the in- 
sufficient oxygenation of the blood. 

There is a systolic murmur heard best in 
the right second interspace. 

The electrocardiogram shows a marked 
right axis deviation. 

In spite of the severity of this combina- 
tion of lesions, patients may reach adult 
life. Constant engorgement of the pulmo- 
nary vessels, or gross enlargement of the 
right ventricle is the most common indica- 
tion of early failure. 

In this series, 9 cases have been diag- 
nosed tetralogy of Fallot. As stated above, 
the roentgen appearance is quite character- 
istic. To the “coeur en sabot’ already 
described is added a concave deformity in 
the region of the pulmonary conus brought 
about by the pulmonary stenosis. The right 
heart is quite enlarged, both auricle and 
ventricle participating, and the ascending 
aorta is dilated and bulges to the right as 
a result of the dextroposition which is a 
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part of the complex. Taken together, the 
roentgen silhouette of the heart is diag. 
nostic and can hardly be mistaken. 

The following is a fairly typical example, 
although a patent ductus is added to the 
tetralogy of Fallot. 


Case vi (Fig. 7). J. B., colored male, aged 
two months. On May 18, 1940, admitted to the 
Hospital with a temperature of 103° F., lips 
and nail beds were cyanotic. The parents said 
the child had been cyanotic since birth. 

Both ears were found to be infected and pus 
was draining. The baby was placed in an oxygen 
tent. Examination failed to reveal any patho- 
logic lesion in the lungs or heart, although the 
heart sounds were not heard very well. 

Roentgen examination of the chest showed 
an enlargement of the left ventricle, the heart 
having a typical wooden shoe appearance char- 
acteristic of patent interventricular septum. 
There was also an abnormal dilatation in the 
region of the ascending aorta. 

The patient did badly and died four days 
later. 

At autopsy, the heart showed a marked 
hypertrophy of the right ventricle. The pul- 
monary artery was atresic and consisted merely 
of a thin fibrous band to a point where it was 
joined by a patent ductus arteriosus which 
measured § mm. in diameter. Beyond this the 
pulmonary artery was normal. There was a 
defect in the ventricular septum. The aorta 
arose opposite the defect and astride the ven- 
tricular septum. It was dextroposed, but bore 
sharply to the left and across the left bronchus. 

Diagnosis: Tetralogy of Fallot; patent ductus 
arteriosus. 


EISENMENGER COMPLEX 


This name has been suggested by Abbott 
to describe a combination of congenital 
anomalies identical with the tetralogy of 
Fallot except that the pulmonary stenosis 
or hypoplasia is absent. The lesions present 
are a defect of the interventricular septum, 
a dextroposed aorta and hypertrophy of 
the right ventricle. 

The symptoms are not quite so severe 
in these cases, the cyanosis is moderate, 
and clubbing, etc., set in much later. 

The lesion is distinguished by roentgen 
examination in that the pulmonary arc is 


aS 


a 
— 
J 


VoL. 49> No. 3 


increased instead of being diminished as in 
the tetralogy of Fallot. Otherwise the heart 
is dilated and the apex displaced upward 
and the aorta dilated as in the tetralogy of 
Fallot. 

We have 2 cases diagnosed as the Eisen- 
menger complex, but neither has come to 
autopsy and they are not included in this 
report. 


PULMONARY STENOSIS OR ATRESIA 


Under this heading may be considered 
stenotic lesions of the pulmonic valve, 
constriction in the region of the pulmonary 
conus, constriction of the pulmonary artery 
just beyond the conus and complete occlu- 
sion in the same location. 

Stenosis of the valves may arise from 
developmental defects, or adhesions of the 
cusps, or from fetal endocarditis. 

Fetal endocarditis is presumably rare. 
According to Brown, congenital syphilis 
may cause myocarditis, but not endocardi- 
tis. Myocarditis may result in fibrous tissue 
formation and thus be the cause of atresia 
in the great vessels. 

In valvular stenosis the cusps are thick- 
ened or fused and form a funnel-shaped 
opening. If no other lesion is present the 
cyanosis is usually slight and may not ap- 
pear until adult life, when there is dyspnea 
on exertion and epistaxis. If the obstruc- 
tion is considerable the foramen ovale is 
almost certain to be patent. 

The right ventricle is hypertrophied in 
valvular stenosis and the heart may present 
the typical wooden shoe enlargement. If 
the tricuspid valves also are involved, the 
right auricle will be dilated. Where valvular 
stenosis is due to endocarditis, the lesion 
is progressive as the vegetations tend to 
increase. In advanced cases there is marked 
cyanosis, clubbing of fingers, stunted 
growth and polycythemia. There is a harsh 
systolic murmur heard best in the second 
and third interspaces on the left, which is 
accompanied by a thrill. The pulmonic 
second sound is absent. Uncomplicated le- 
sions of the pulmonary valve are rare. 

Stenosis in the pulmonary conus is 
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caused by an encircling muscular or fibrous 
band which tends to produce an extra 
chamber between the pulmonary artery 
and the pulmonic valve. Vegetations are 
apt to form at the orifice of this false 
chamber as well as at the valve. 

Roentgen examination shows an accen- 
tuation of the pulmonary arc on the sil- 
houette of the left heart and dilatation of 
the right auricle. If the obstruction is 
marked the right ventricle enlarges also, 
followed by dilatation of the left heart and 
aorta. In terminal stages the entire heart 
is greatly enlarged. 

Constriction of the pulmonary artery 
beyond the conus presents the same picture 
clinically and by the roentgenogram as does 
conus stenosis. These lesions are seldom 
uncomplicated, being usually accompanied 
by patent foramen ovale, interventricular 
septal defects, or patent ductus arteriosus. 

In pulmonary atresia, the artery is com- 
pletely obstructed beyond the conus and 
for some distance is represented only by a 
fibrous cord. If there are no other congeni- 
tal defects to allow. the blood to be shunted 
to the lungs, life is very short. The right 
ventricle is extremely rudimentary, form- 
ing a cor biatriatum triloculare. There is 
extreme cyanosis from birth and death 
occurs in a few hours or days. Roentgen 
examination shows a dilated right auricle 
and aorta with hypertrophy of the left 
ventricle. 

Complete atresia is usually accompanied 
by other defects. The most common com- 
bination is a patent foramen ovale and 
ductus arteriosus. The blood then flows 
backward from the right into the left auri- 
cle, left ventricle to the aorta and through 
the ductus arteriosus into the pulmonary 
artery beyond the obstruction and thus to 
the lungs. 

Another combination of defects includes 
a patent ductus arteriosus plus a defect in 
the interventricular septum. Here the blood 
is shunted from the right ventricle into the 
left, to aorta, through the ‘ductus to the 
pulmonary artery beyond the obstruction. 
This is essentially the tetralogy of Fallot, 
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Fic. 8. Case vit. Diagnosed pulmonary stenosis by 
the cardiologist. There is a concavity in the region 
of the pulmonary conus and marked dilatation of 
the right side of the heart. 


the only addition being the dextroposed 
aorta. Sometimes there is a defect in both 
the auricular and ventricular septa, in 
addition to the pulmonary atresia. 

Pulmonary atresia is one of the most 
serious of all congenital defects and even 
where other anomalies allow a _ venous- 
arterial shunt, the incapacity is great and 
complications and loss of compensation 
occur comparatively early. The typical 
roentgen appearance is that of a greatly 
enlarged heart, both right and left, and a 
dilated aorta. 

In this series, pulmonary stenosis alone 
was diagnosed in 29 cases, in combination 
with a ventricular defect in 7, and with an 
interauricular defect in one. 

In addition, it was present in 8 cases of 
the tetralogy of Fallot, 3 cases of Lutem- 
bacher’s disease, and in several of the cases 
of anomalous chambers. 

It would thus appear to be one of the 
most common congenital defects. Exclud- 
ing those cases complicated by other de- 
fects, autopsy was performed in only one 
case. This would lead to the conclusion 
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either that the diagnosis was incorrect, or 
that children do not often die of uncompli- 
cated pulmonary stenosis. 

In the uncomplicated cases, the diagnosis 
was made usually by the clinician and not 
the roentgenologist. In 29 cases diagnosed 
clinically, 11 were confirmed by roentgen 
examination, 11 were thought to be normal 
and 8 abnormal, but no specific diagnosis 
could be made. 

In all of the cases of the tetralogy of 
Fallot, the characteristic concave depres- 
sion in the region of the pulmonary conus 
caused by pulmonary stenosis was readily 
recognized. 

This was seen in only 8 of the 29 cases 
diagnosed clinically as pulmonary stenosis 
alone. The following case is a good example 
of one of these: 


Case vii (Fig. 8). W. B., white male, aged 
thirteen months. Admitted to the Hospital on 
June 29, 1940, with a history of having been ill 
for four weeks with an upper respiratory in- 
fection. For the last few days, respirations 
were so labored that admission to the hospital 
was advised. 

There was a discharge from both nostrils and 
the pharynx was inflamed. The chest showed 
impairment of percussion note over the left 
lower lobe, also fine crepitant rales. 

Roentgen examination showed marked en- 
largement of the right side of the heart. The 
shadow of the ascending aorta was extremely 
narrow. The shape of the heart suggested patent 
foramen ovale. The lungs were clear. 

The child was put on sulfapyridine for 
pneumonia, and at the end of two days his 
temperature was normal. 

The child was discharged with a diagnosis of 
bronchopneumonia; catarrhal otitis media; con- 
genital heart disease. 


Complete atresia of the pulmonary ar- 
tery was seen in 2 cases of tetralogy of 
Fallot, constriction of the pulmonary conus 
in one. 

Valvular pulmonary stenosis was not 
mentioned specifically in any clinical diag- 
nosis, although that may have been the 
type of stenosis the clinician had in mind. 
It was not recognized at all on the roent- 


genogram. 
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AORTIC STENOSIS 


This term is used here to include stenotic 
lesions of the aortic valve, constriction in 
the region of the aortic conus and in the 
aorta itself, usually just beyond the arch. 
Complete obliteration of a portion of the 
aorta, aortic atresia, is also included. 

In valvular stenosis the cusps are thick- 
ened and rigid; they may be fused, prob- 
ably from fetal endocarditis. A fourth cusp 
is sometimes present and fused with an- 
other cusp, thus causing stenosis. A bicus- 
pid aortic valve usually undergoes sclerotic 
changes with subsequent bacterial infec- 
tion. The left ventricle becomes hyper- 
trophied. The aorta is rather small. There 
is a systolic murmur accompanied by a 
thrill. The aortic second sound is dimin- 
ished. The blood pressure is low, the pulse 
is small, and the patient is apt to be poorly 
developed and anemic from poor circula- 
tion. Dissecting aneurysm of the ascending 
aorta and aneurysm of the sinus of Valsalva 
have been reported as complications of this 
lesion. 

Subaortic stenosis is a term applied to a 
narrowing of the left ventricle immediately 
below the aortic cusps. It usually takes the 
form of a fibrous collar encircling the aortic 
conus which has a tendency to become cal- 
cified. The clinical picture and the roentgen 
findings are the same as in valvular ste- 
nosis. 

Aortic stenosis, or coarctation of the 
aorta, is a narrowing of the lumen which 
is usually located just distal to the left 
subclavian vein and consequently in the 
region of the ductus arteriosus, most often 
just below it. In a great majority of cases 
the ductus is closed. However, there are a 
number of variations, the chief of which 
are as follows: 


1. Stenosis of arch, ductus arteriosus patent. 

2. Stenosis of arch, ductus arteriosus closed. 

3. Complete atresia of arch, ductus arteriosus 
closed. 

4. Interruption of arch, ductus arteriosus 
patent. 

s. Absence of ascending aorta, ductus ar- 
teriosus patent. 


The narrowing is usually just below the 
left subclavian, and may be visualized on 
roentgen examination, but it is not often 
possible to do so. The ascending aorta 
becomes quite dilated, part of the blood 
which should go into the descending aorta 
is forced through the anastomotic collateral 
circulation, largely the intercostal arteries. 
The dilated intercostals wear a groove on 
the under surface of the ribs, best seen from 
the third to the ninth, and about 2 or 3 
inches from the spine. The recognition of 
these notches is the most reliable roentgen 
sign, combined with a dilatation of the 
ascending aorta. The left ventricle also 
hypertrophies to overcome the increased 
resistance in the aorta; and in the later 
stages when the aortic valve becomes in- 
competent, there is a gross enlargement of 
the entire heart. 

Because of the increased amount of blood 
in the upper part of the body, there may 
be throbbing in the neck, fullness in the 
head, epistaxis, enlarged thyroid, the hands 
are warm and moist, the pulse in the wrist 
is full and bounding. In contrast to this, 
the deficient circulation in the lower part 
of the body causes numbness and cold feet, 
and the tibial pulse is weak or absent. This 
clinical syndrome is so constant and char- 
acteristic as to be diagnostic, even in the 
absence of roentgenologic confirmation. 
The only roentgen finding which is peculiar 
to this lesion is the groove on the under 
surface of the ribs, and this sign is absent 
if the ductus arteriosus is patent. It re- 
quires some time for the anastomotic ves- 
sels to dilate sufficiently to produce the 
groove on the ribs. Some authorities say it 
cannot be recognized in a child under six 
years of age. A considerable percentage of 
cases die during infancy. If they survive 
until collateral circulation is established 
they usually reach early middle life and die 
of cardiac failure. Dissecting aneurysm of 
the ascending aorta has been reported, also 
rupture of the auricle. 

The most common congenital anomalies 
occurring in combination with coarctation 
of the aorta are bicuspid aortic valves, sub- 
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Fic. 9. Case 1x. Probable aortic stenosis. The heart 
is generally enlarged, being globular in shape. The 
shadow of the ascending aorta is extremely nar- 


rowed. 


aortic stensosis and congenital aneurysm 
of the sinus of Valsalva. Hypoplasia of the 
aorta, not strictly an aortic stenosis, may be 
found where there are other anomalies 
which prevent blood from reaching the 
aorta and it consequently atrophies. 

Aortic Atresia. In this condition a portion 
of the aorta is a fibrous cord, the lumen 
being completely obliterated. If the inter- 
ventricular septum is intact and the ductus 
arteriosus patent, the right chambers and 
the pulmonary artery are dilated, the left 
ventricle is aplastic. This is essentially a 
“cor biatriatum triloculare.” Occasionally 
a mitral atresia accompanies an aortic 
atresia and under these circumstances, 
with the foramen ovale patent, the left 
auricle is also rudimentary, presenting in 
effect a “‘cor biloculare.”’ 

In aortic atresia it is necessary for the 
ductus arteriosus to be patent, or the pa- 
tient cannot survive. The only blood which 
can reach the systemic circulation is from 
the pulmonary artery into the open ductus 
and thus into the aorta. Naturally cyanosis 
is extreme and the average duration of life 
is only a few days. 

In our series there were 5 cases diagnosed 
aortic stenosis, and § cases diagnosed co- 
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arctation of the aorta. In 1 of those diag. 
nosed aortic stenosis, the roentgenogram of 
the heart was negative. In the other 

the appearance was quite alike. The heart 
was considerably enlarged, in 1 case quite 
globular, and the shadow of both the as. 
cending and descending aorta was practi- 
cally absent. A typical case is the following; 


Case Ix (Fig. 9). P. P., colored female, aged 
five months. Admitted to the Hospital April ¢, 
1939, with an abscess of the left thigh, tempera. 
ture of 104° F. The abscess was incised and pus 
evacuated. 

Roentgen examination showed an osteomye- 
litis of the femur. In addition to the osteomye- 
litis, the roentgenogram showed a moderate 
enlargement of the heart which was globular in 
shape, lying in the midline. The shadow of the 
aorta Was not seen. 

The patient developed a bronchopneumonia 
on April 18, 1939, at which time further roent- 
gen examination showed a large area of con- 
solidation in the right lung due to pneumonia. 
The patient died on April 25, 1939. Autopsy 
was not done. 

Diagnosis: Probable aortic stenosis. 


Contrary to our expectations, 4 of the 5 
cases of coarctation had typical roentgen 
findings. The fifth case was complicated by 
a ventricular septal defect and the heart 
was so greatly enlarged that the shadow 
of the aorta was masked by the heart. This 
case came to autopsy. The other 4 cases 
whose ages were one month, one month, 
six months and seven months respectively, 
all presented a very striking appearance as 
if the left half of the aorta had been re- 
moved. This entire absence of the usual 
aortic shadow from the middle of the arch 
onward was identical in each. Two of these 
cases came to autopsy, one of which is 
presented here. The left ventricle was en- 
larged in all the cases. 


Case x (Fig. 10). T. C., white male, aged six 
months. Admitted to the Hospital on January 
7, 1938. 

The child had a history of jaundice since the 
age of six weeks. He was fairly well nourished 
and did not appear acutely ill. The skin and 
mucous membrane were markedly jaundiced. 
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There was no dyspnea or cyanosis. The liver 
and spleen were somewhat enlarged. There was 
a slight anemia and slight leukocytosis. 

At the end of three days, his temperature 
rose to 104° F. and examination showed the 
presence of a pneumonia. A roentgenogram of 
the chest showed a bronchopneumonia in the 
middle of the right lung, the right heart was 
dilated and the arch of the aorta was smaller 
than normal. The possibility of a congenital 
aortic stenosis was suggested. The child died on 
January 14, 1938. 

At autopsy, the ductus arteriosus was found 
to be patent, although the lumen was small. 
The aorta in the region of the arch was slightly 
smaller than the ascending portion. The fora- 
men ovale was patent. The valves were normal. 

Diagnosis: Patent ductus arteriosus; patent 
foramen ovale; coarctation of aorta. 


I] have seen 2 cases of coarctation of the 
aorta in adults, but obviously the narrow- 
ing in the aorta could not have been nearly 
as great as in the case of the infants de- 
scribed above. As a matter of fact, the 
narrowing could not be seen in either of 
the adult cases. One of these, a boy aged 
sixteen, was being examined for insurance. 
There were no symptoms relative to this 
condition except dyspnea on_ exertion. 
Clinically, the pulse in the lower extremi- 
ties was almost absent, the blood pressure 
in the arms was 164/90, and go/60 in the 
legs. There was a systolic murmur at the 
apex. Roentgen examination showed a 
slight enlargement of the heart, a dilated 
ascending aorta and the characteristic 
notching on the under surface of the ribs 
close to the spine which is caused by ero- 
sion from the dilated intercostal arteries. 

The other adult case was a man aged 
twenty-six, who had been told he had a 
congenital heart lesion and who entered 
the hospital for an operation for anal fis- 
tula. He exhibited marked engorgement of 
the vessels of the neck and chest, blood 
pressure in the arms was 240 and in the 
legs 140. A roentgenogram of the chest 
showed a tremendous enlargement of the 
heart, but no constriction in the aorta could 
be demonstrated. There was some notching 
on the under surface of the ribs. Coarcta- 
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Fic. 10. Case x. Patent foramen ovale. Patent duc- 
tus arteriosus. Coarctation of aorta. Note the 
hypertrophy of the left ventricle and the absence 
of the aortic shadow beyond the arch. 


tion of the aorta with failing compensation 
of the heart seemed obvious. 

I cite these 2 cases to emphasize the 
difference between the findings in this dis- 
ease in infancy and in adult life. It seems 
certain none of the infants reported here 
will reach adult life. 

One case of atresia of the aorta was pres- 
ent in this series. The obstruction in the 
aorta was just beyond the valves, the lu- 
men being about I mm. in diameter. It was 
accompanied by defects in both the auricu- 
lar and ventricular septa, and this prob- 
ably altered the appearance of the heart. 
There was enlargement of both the right 
and left sides of the heart, but curiously 
enough the shadow of the great vessels was 
not appreciably altered from the normal. 
Life, of course, is very short in cases of this 
sort. A brief description of this case follows. 


Case xi (Fig. 11). Baby W., white female, 
born March 28, 1938. This infant was cyanotic 
from birth. There was a loud systolic murmur 
over the entire precordium. 

Roentgen examination made March 29 
showed enlargement of the heart.. The shadow 
suggested an interauricular defect. The infant 
died the following day. 
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Fic. 11. Case x1. Atresia of aorta. Defects in both 
septa. Patent ductus arteriosus. The heart is 
generally enlarged, being globular in shape. The 
shadow of the ascending aorta is absent. 


Autopsy showed enlargement of the heart 
which lay transversely. The left ventricle was 
exceedingly small. The left auricle also was 
small, being nothing but a tiny appendage. 
The tricuspid and pulmonic valves were normal. 
The aorta was extremely stenotic, permitting 
only a fine wire to be passed. The lumen was 
estimated to be not more than 1 mm. in diame- 
ter. There was an opening 3 mm. in diameter in 
the interventricular septum. The foramen ovale 
was patent. The arch of the aorta was very 
narrow. The descending aorta was normal. The 
pulmonary artery was about twice normal size. 
The ductus arteriosus was patent and quite 
large. 

Diagnosis: Aortic atresia; defects in both 
septa; patent ductus arteriosus. 


TRANSPOSITION OF GREAT TRUNKS 


In complete transposition of the great 
trunks the aorta arises from the right ven- 
tricle, the pulmonary artery from the left 
ventricle. If there are no other defects, life 
must be extremely brief as there is no way 
for oxygenated blood to reach the systemic 
circulation. 

The most common complication is a 
defect of the interventricular septum which 
allows a certain amount of mixing of blood 
in the two ventricles and at least permits 
life for a time. 
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A patent foramen ovale accomplishes 
the samé purpose as does a patent ductus 
arteriosus. In this situation the larger the 
defect the better. The right heart becomes 
greatly enlarged in complete transposition 
and with the marked dilatation of the great 
vessels which is also present, the heart 
assumes a globular shape. There is a 
marked cyanosis unless there are other 
defects as mentioned above when the 
cyanosis is moderate. 

In partial transposition the aorta and 
pulmonary artery arise from the same ven- 
tricle. 

In corrected transposition, while the lo- 
cation of the aorta and pulmonary artery 
is reversed, each arises from its proper 
ventricle. 

In the only case which has come under 
our observation, there was an accompany- 
ing patent foramen ovale and patent duc- 
tus arteriosus. This allowed a certain 
amount of oxygenation, but the baby was 
cyanotic from birth. Roentgen examination 
showed a very marked enlargement of the 
right side of the heart which naturally 
would follow in either of these defects. The 
general effect was a more or less globular 
shape which, together with the marked 
cyanosis, should have suggested the diag- 
nosis. The exact nature of the defects, how- 
ever, was not recognized until the case 
came to autopsy at the end of nineteen 
days. 


Case xu (Fig. 12). Baby M., born April 14, 
1936, by cesarean section. Soon after birth the 
baby began having attacks of cyanosis. On 
April 16, respirations were 88, pulse 160. The 
breath sounds were normal. The child was blue. 
There was a systolic murmur to the left in the 
pulmonic area. 

Roentgenogram made on April 25 showed a 
marked enlargement of the right side of the 
heart. Another roentgenogram made _ later 
showed the heart to be more distended than 
before. The cyanosis increased and the baby 
died on May 3. 

At autopsy the aorta was seen arising from 
the right ventricle and pursued the usual course. 
The pulmonary artery arose from the left ven- 
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tricle and pursued its usual course, giving off a 
right and a left branch. The ductus arteriosus 
was patent. The foramen ovale was open. The 
heart was otherwise normal. 

Diagnosis: Transposition of great trunks; 
patent ductus arteriosus; patent foramen ovale. 


PERSISTENT RIGHT AORTIC ARCH 


In early embryological life there are six 
pairs of aortic arches. Of these, the first, 
second and fifth pair disappear entirely. 
The third pair become the internal carotid 
arteries. The fourth right arch becomes the 
innominate artery and right subclavian. 
The fourth left arch becomes the arch of 
the aorta. The sixth pair become the pul- 
monary artery and ductus arteriosus. 

If the fourth left arch becomes stenotic 
during fetal life, the result is coarctation of 
the aorta; or if the lumen is completely 
obliterated, the right arch takes its place, 
producing the anomaly under discussion. If 
the left arch persists partly and the right 
also persists, the left root causes a rounded 
projection similar to the normal aortic knob 
and confuses the diagnosis. 

If both right and left arches persist, the 
ascending aorta divides and one branch 
goes behind the trachea and esophagus, 
while the other goes in front, thus com- 
pletely encircling the structures with a 
vascular ring. The two branches meet again 
posteriorly and merge into the descending 
aorta. This anomaly is of clinical signifi- 
cance since the pressure of the aorta on 
the esophagus causes dysphagia in later 
life when degenerative vascular changes 
begin to appear. 

In this anomaly, roentgen examination 
of the esophagus with a barium meal shows 
a round defect on the posterior surface of 
the esophagus where it is compressed by 
the aorta. 

In persistent right aorta, the ascending 
aorta occupies its usual position, or it may 
be displaced somewhat to the right. The 
aortic arch extends backward instead of to 
the left and the usual aortic knob on the 
left side is absent. The descending aorta 
goes downward to the right of the spine, 
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Fic. 12. Case xu1. Transposition of great trunks. 
Patent foramen ovale. Patent ductus arteriosus. 
The right heart is more enlarged than the left, 
but there is nothing characteristic in the shape of 
the heart which would suggest the transposition. 


The trachea is displaced to the left by the 
descending aorta and if a barium meal is 
given under the roentgenoscope, the esoph- 
agus will be found displaced to the left 
and also anteriorly. The appearance on the 
roentgenogram, as well as the displacement 
of the esophagus as revealed with the 
barium meal, are quite characteristic and 
should make the diagnosis. This anomaly 
alone does not shorten life. 

Three cases of persistent right arch have 
occurred in our series. The roentgen ap- 
pearance is quite characteristic. The as- 
cending aorta is definitely larger than 
normal and also bulges more to the right 
than is usual. The aortic knob is at the 
upper end of the ascending aorta and 
projects to the right instead of to the left. 
There is no shadow of the aortic knob in its 
normal location and no descending aorta. 
The appearance is somewhat similar to 
that seen in the cases of coarctation re- 
ported elsewhere in this article except that 
in coarctation the aorta looks as if the left 
half had been cut away with a knife, but in 
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Fic. 13. Case xi. Persistent right arch of aorta. 
Persistent truncus arteriosus. Defects in both 
septa. The absence of the aortic knob in its usual 
position on the left side and the bulging of the 
aorta to the right are indicative of persistent right 
arch. 


persistent right arch the impression is that 
of the entire aorta being displaced toward 
the right. The case reported below also 
presented other anomalies, but the ap- 
pearance of the aorta is identical with that 
seen in the other two cases. 


Case xii (Fig. 13). G. C., white female, aged 
two and one-half. Admitted February 24, 1933. 
The child was undernourished; lips and finger 
nails were cyanotic; tonsils were large. There 
was a loud systolic murmur at the apex trans- 
mitted to the vessels of the neck; also a systolic 
murmur in the aortic region. Patient was dis- 
charged with a diagnosis of congenital heart 
disease. 

She was seen a year later at which time the 
conditions were about the same. 

She was readmitted May 8, 1937, with an 
otitis media. At this time there was some bulg- 
ing in the precordial region. Otherwise, the 
heart examination was the same as before. A 
diagnosis of interventricular septal defect was 
made at this time. 

She was readmitted on February 11, 1939, 
because of an acute illness accompanied by 
cough, fever and extreme cyanosis. Roentgen 
examination of the chest showed an enlarge- 
ment of the heart in the region of the left 
ventricle. The right auricle also was enlarged. 
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There was a large protruding shadow in the 
region of the ascending aorta. 

The child died on February 25, 1939. 

At autopsy, the heart was markedly enlarged, 
particularly the right side. The foramen ovale 
was patent and measured 8 mm. in diameter, 
The wall of the right ventricle was 1.3 cm, 
thick. There was a defect measuring 1.5 cm. in 
the interventricular septum. The mitral and bj- 
cuspid valves both showed numerous vegeta- 
tions. There was a persistent truncus arteriosus 
which straddled the septum. The great vessels 
arose from their usual position, but the pul- 
monary artery was given off distal to the base 
of the arch. The arch of the aorta did not extend 
to the left, but turned posteriorly and went 
down to the right side of the vertebral column, 

Diagnosis: Patent foramen ovale; patent 
interventricular septum; persistent  truncus 
arteriosus; persistent right arch of aorta; vege- 
tative endocarditis. 


ANOMALIES OF AORTIC SEPTUM 


The aorta and pulmonary artery develop 
from a common trunk by the growth of a 
septum which extends lengthwise of the 
vessel and separates it into two parts. If 
this septum does not develop, the condition 
resulting is a persistent truncus arteriosus. 
The septum may be perforated, producing 
defects of the aortic septum. If the septum 
develops far over toward the pulmonary 
artery side, the result is a stenosis or atresia 
of the pulmonary artery. If it encroaches 
on the aortic side, we have aortic stenosis 
or atresia. The two latter conditions are 
discussed elsewhere in this article. 

Persistent Truncus Arteriosus. this 
condition only one great trunk arises from 
the heart, the pulmonary artery being ab- 
sent. A right and left pulmonary artery 
are given off the aorta at some distance 
above the valves and the blood reaches the 
lungs through these. The truncus arteriosus 
arises either from the right ventricle or 
astride the ventricular septal defect which 
is always present. The only path for blood 
to leave the heart is through this trunk 
which is continuous with the remainder of 
the aorta. There is, of course, a free ad- 
mixture of arterial and venous blood, but 
partial oxygenation can take place and life 
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may be prolonged into adolescence. The 
heart is enlarged both to right and left. 
Cyanosis is marked. 

‘Other congenital anomalies which have 
been reported in combination with this are 
patent interauricular septum and persistent 
right arch of aorta. 

Defects of the aortic septum are usually 
found in the right aortic sinus of Valsalva 
and lead into the pulmonary conus. The 
result, of course, is a communication be- 
tween the aorta and the pulmonary artery 
through which the blood passes from left 
to right. Because the flow is in this direc- 
tion, cyanosis is absent. The pulmonary 
artery becomes much dilated as in patent 
ductus arteriosus which it greatly resem- 
bles, both in the result brought about by 
the shunt and in the clinical and roentgen 
signs. The heart becomes enlarged gener- 
ally; there is a continuous murmur because 
the blood flows continuously through the 
abnormal opening. Infective endocarditis 
is acommon complication and the average 
age at death is fourteen years. There were 
no examples of this defect in any of our 
cases which came to autopsy and it was 
not recognized in any other. 

Persistent truncus arteriosus occurred a 
number of times, always in connection with 
a ventricular septal defect. It was common 
in our cases of the tetralogy of Fallot. In 
most of our cases the pulmonary artery 
arose from the aorta just beyond the left 
subclavian artery, but in one case it arose 
just beyond the pericardium. 

The diagnosis of persistent truncus 
arteriosus is probably not possible in life. 
By roentgen examination it cannot be 
differentiated from a dextroposed aorta 
with pulmonary stenosis which is the usual 
combination in the tetralogy of Fallot. 

Persistent truncus arteriosus was present 
in Cases 11, x1x and xxt. 


ANOMALOUS CHAMBERS 


Cor Biventriculare Triloculare. \n this 
condition the septum between the auricles 
is absent. If there are no other anomalies, 
cyanosis is slight until the terminal stages. 
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However, other cardiac anomalies are fre- 
quently present. The most common are 
anomalies of the pulmonary veins, or of the 
vena cava. Dextrocardia, transposition of 
vessels and defect in the interventricular 
septum have all been reported as complica- 
tions of this defect. Death occurs from 
cardiac failure. 

In the 3 cases which have occurred in our 
experience the roentgen appearance was 
not characteristic. In one of these the right 
ventricle was so rudimentary that it was 
practically functionless. This was evidently 
due to a combination of pulmonary stenosis 
and ventricular defect which was present, 
in addition to the absence of the interauric- 
ular septum. In the other 2 cases the shape 
of the heart was quite different; in one the 
heart being very large apparently because 
of insufficiency of the mitral valve; in the 
other, a very large defect in the inter- 
ventricular septum altered the shape. Ap- 
parently the appearance in this anomaly is 
controlled largely by the accompanying 
defects. 


Case xiv (Fig. 14). J. S., white male, aged 
five months. Admitted to the Hospital May 13, 
1939, because of cyanotic spells which were 
first noticed when the baby was six weeks old. 
At first these were of short duration, but for the 
past two months the child was cyanotic most of 
the time. 

He was dusky over the entire body, the color 
varying from light blue to deep purple. He was 
listless and apathetic. He appeared acutely ill. 

The heart was somewhat enlarged to the 
right on percussion. There was a systolic mur- 
mur heard over the left base. The liver was 
somewhat enlarged. 

The roentgen examination of the chest 
showed an increase in the size of both the heart 
and the aorta. A second examination made 
about one week later showed an increase in the 
size of the heart. 

The patient was placed in an oxygen tent and 
and given coramine. He improved somewhat 
and was discharged from the Hospital on June 
4, 1939, with a diagnosis of congenital heart 
disease. 


He was readmitted on September 1, 1939, 


with marked cyanosis, labored respiration, 
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Fic. 14. Case xiv. One auricle; two ventricles, the 
right rudimentary. Defect in interventricular sep- 
tum. Pulmonary stenosis. These lesions probably 
could not be diagnosed from the roentgenogram, 
but the small size of the right ventricle is evident 
and the normal shadow of the pulmonary conus is 
absent. 


temperature of 104° F. A diagnosis of pneu- 
monia was made. The child became progres- 
sively worse and died on September 5. 

Autopsy: The heart was about twice normal 
size. It lay in almost transverse position, the 
right lateral border on the diaphragm. There 
was no septum between the right and left 
auricles, the vena cava and pulmonary veins 
both emptying into the same cavity. There 
was only one auriculoventricular orifice and this 
had five leaflets. It was somewhat to the left 
and opened into the left ventricle. There was a 
small opening 3 mm. in diameter in the inter- 
ventricular septum. The aorta arose from the 
left ventricle to the left of the ventricular sep- 
tum. The aorta was some what dilated and ran 
a normal course. The ductus arteriosus was ab- 
sent. The right ventricle was extremely rudi- 
mentary and consisted only of a potential 
cavity in the right wall of the left ventricle. It 
opened into the left ventricle by a small defect. 
The pulmonary artery arose from the right 
ventricle to the left of the aorta. It was stenotic, 
measuring 2 cm. in circumference at the pul- 
monic valve. The pulmonic valve had oaly two 
cusps. The remaining course of the pulmonary 
artery was normal. 
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Diagnosis: Cor biventriculare triloculare; de. 
fect in interventricular septum; pulmonary 
stenosis. 


Cor Biatriatum Triloculare. A right and 
left auricle open into one ventricle from 
which both the aorta and the pulmonary 
artery arise. A more frequent deformity 
which is really not a three-chambered heart 
occurs in the presence of atresia of the mi- 
tral valve where the left ventricle is so 
small as hardly to be recognizable. The 
aorta arises from the rudimentary left 
ventricle in this case, but is also hypo- 
plastic and unless the ductus arteriosus is 
ratent life is very brief. 

In true cor biatriatum triloculare, both 
the aorta and the pulmonary artery: arise 
from a common ventricle in which there is 
a free admixture of arterial and venous 
blood. However, there is not a great deal of 
cyanosis as most of the venous blood goes 
into the pulmonary artery and most of the 
arterial into the aorta because the respec- 
tive location of these trunks favors flow 
in that direction. The heart is quite large 
and the shadow of the great vessels smaller 
than normal. The right ventricle is particu- 
larly large and the pulmonary artery small. 
These cases may live to adult life. The 
oldest age at death reported is thirty-five 
years. 

We have had 4 cases presenting this de- 
fect. One of these was evidently due to an 
absence of the ventricular septum, but the 
other 3 were secondary to an atresia of 
the aorta or pulmonary artery which made 
the respective ventricle useless and conse- 
quently rudimentary. There was nothing 
characteristic in the shape of the heart in 
any of the cases. The case reported below 
was due to absence of the interventricular 
septum. 


Case xv (Fig. 15). J. H., white male, aged 
one month. Admitted to the Hospital October 
26, 1935, because of feeding difficulty and also 
because he had attacks in which he became 
blue. ‘ 

The child has had cyanosis and shortness of 
breath since birth. He seemed undernourished, 
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had cyanosis of the lips, fingers and toe nails, 
and duskiness of the skin. The heart was en- 
larged downward; impulse at the costal angle. 
The heart sounds were booming. There was a 
loud systolic murmur at the apex. Pulse rate 
was about 150. 

On October 28, 1935, roentgenograms of the 
chest showed enlargement of the heart, and 
areas of consolidation in the right upper lobe, 
thought to be due to pneumonia. The child was 
placed in an oxygen tent, but died the next day. 

Autopsy of the heart showed a patent ductus 
arteriosus, the lumen being about 6 mm. in 
diameter. There was an enormously dilated 
right auricle, a small left auricle and one ven- 
tricle which was conical in outline. The pul- 
monic and aortic valves were normal. The tri- 
cuspid valve was normal. There was no mitral 
valve. The left auricle was open and found to be 
a small blind pouch through which the blood 
flowed to the right auricle through a patent 
foramen ovale. 

Diagnosis: Cor biatriatum triloculare; patent 
ductus arteriosus. 


Cor Biloculare. Complete absence of both 
auricular and ventricular septa is very rare 
and is usually associated with other anoma- 
lies. The condition is most serious. Pro- 
found cyanosis is present at birth and life is 


Fic. 15. Case xv. Cor biatriatum triloculare. Patent 
ductus arteriosus. See text for description of heart 
at autopsy. 
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Fic. 16. Case xvi. Cor biloculare. Patent ductus 
arteriosus. Patent foramen ovale. Atresia of pul- 
monary artery. Diagnosis of congenital heart dis- 
ease was obvious in this case, but the exact nature 
of the lesion was not known until autopsy. 


very brief. The one case which has occurred 
in our experience died at the end of twenty- 
three days. The heart was extremely en- 
larged in this case and more or less globular 
in shape. It was obvious that a serious 
anomaly was present, but differentiation 
was not possible until the case came to 
autopsy. 


Case xvi (Fig. 16). Baby L., colored female, 
born December 25, 1939. 

This child was cyanotic and extremely dys- 
pneic from birth. A roentgenogram showed 
a marked enlargement of the supracardiac 
shadow, and the heart also was much enlarged 
and globular in shape. The child died at the 
end of twenty-three days. 

At autopsy a very large heart was found 
which almost hid the lungs from view. The 
aortic arch was normal. There was a patent 
ductus arteriosus. The right ventricle was 
large. The pulmonary artery was obliterated 
from the heart to the ductus arteriosus. The 
right auricle was very large. There was a patent 
foramen ovale which opened into a tiny left 
auricle. The left ventricle was,a mere slit which 
was separated from the right ventricle by a 
hypertrophied papillary muscle, through which 
communication could be established. There 
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Fic. 17. Case xvii. Tricuspid stenosis. Patent fora- 
men ovale. There is a marked enlargement of the 
left ventricle, and a concavity instead of a con- 
vexity in the region of the pulmonary conus. 


was practically no identifiable left auricle or 
ventricle. 

Diagnosis: Cor biloculare; patent ductus 
arteriosus; patent foramen ovale; atresia of pul- 
monary artery. 


CONGENITAL VALVULAR LESIONS 


These lesions may be developmental, or 
the result of infection in utero. There is a 
difference of opinion regarding fetal endo- 
carditis, some authorities believing it does 
not occur. Be that as it may, the actual 
pathology is a deformity, thickening or ad- 
hesions of cusps which interfere with proper 
action. Sometimes there are only two cusps 
where there should be three, or there may 
be supernumerary cusps. Of itself the num- 
ber of cusps is not significant, but the 
bicuspid valve may be incompetent, or the 
supernumerary cusp may adhere to another 
and cause either stenosis or insufficiency. 

Tricuspid stenosis is often associated 
with pulmonary stenosis; aortic and mitral 
stenosis occur together. 

Tricuspid stenosis results in a dilatation 
of the right auricle; the right ventricle is 
very small. If there is a defect in the ven- 
tricular septum the left ventricle hyper- 
trophies, the aorta is widened and the 
normal pulmonary arc is absent. If the 
stenosis is very marked the right ventricle 
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is rudimentary, producing one form of cor 
biatriatum triloculare. Cyanosis is very 
marked. Roentgen examination shows a 
rather globular-shaped heart, the right 
auricle and the left ventricle being particu- 
larly enlarged. 

Only one case of this defect occurred in 
our series. The anomaly was a develop- 
mental defect, there being only one cusp 
which was attached in such a way as to 
produce marked stenosis. While diagnosis 
from the roentgenogram would perhaps not 
be justifiable, there is a definite enlarge- 
ment of the left ventricle and the area of 
the pulmonary conus is concave instead of 
convex. The defect was not recognized 
until autopsy, although it should probably 
have been suspected from the roentgeno- 


gram. 


Case xvi (Fig. 17). C. O., white male, aged 
one year. Admitted to the Hospital on Decem- 
ber 26, 1934, because of fever and restlessness. 
This was found to be due to a suppurative 
otitis media. Signs of meningitis developed. The 
baby finally improved and was discharged on 
January 21, 1935. At the time of admission 
there was a marked systolic murmur over the 
entire chest, but loudest over the base. 

The child was readmitted on February 25, 
1935, because of fever and difficulty in feeding. 
An otitis media was found on the right side. 
There were a few rales in the chest. The heart 
murmur seemed louder than on the previous ad- 
mission. The child was discharged on March 7, 
1935. 

He was readmitted on July 29, 1935, in a 
stuporous condition, with continuous clonic 
convulsions. The head turned to the left and a 
left nystagmus noted. Rales were heard through- 
out the chest. The heart was very rapid and a 
loud systolic murmur noted over the pulmonic 
area. A diagnosis of bronchopneumonia with 
possible meningitis was made. The child died 
on July 29, 1935. 

Autopsy: The right side of the heart was 
markedly dilated. The wall of the right auricle 
and ventricle were distinctly hypertrophied. 
The tricuspid valve had only one cusp and it 
was attached in such a way as to allow only a 
very small orifice. The foramen ovale was 
patent, but otherwise the heart and great ves- 
sels were normal. 


388 
— 
— 


VoL. 49> No. 3 


Diagnosis: Tricuspid stenosis; patent fora- 
men ovale. 


Tricuspid insufficiency is usually due to 
developmental defects in the cusps, either 
as to number or shape. The right auricle 
becomes much dilated, the right ventricle 
is also somewhat larger than normal. 
Patent foramen ovale may be present, but 
other anomalies are rare. Cyanosis varies, 
but is apt to be marked and the lesion may 
be serious. The heart becomes generally en- 
larged, there is a loud systolic murmur in 
the third and fourth interspaces close to 
the sternum. A thrill may be present. In 
late stages the veins of the neck become 
distended, the liver enlarges and there is 
passive congestion of the viscera. 

In this series of cases there was one (Case 
xx1) in which neither mitral nor tricuspid 
orifices had any valves whatever. This 
might perhaps be classified as a case of in- 
sufficiency. There were so many other de- 
fects present that any valvular lesion could 
hardly have been recognized. 

Mitral Stenosis. According to Abbott this 
lesion is very rare. If present it is develop- 
mental in character. The left heart and 
aorta are hypoplastic, the ductus arteriosus 
is usually patent, and often the foramen 
ovale. The right heart is enlarged, the left 
ventricle may be a mere slit, thus producing 
the other form of cor biatriatum triloculare. 
Life is extremely short in this lesion and 
probably diagnosis can be made only at 
autopsy. 

Mitral stenosis was diagnosed in 3 cases 
of this series. The stenosis was due to 
thickening and fibrosis of the cusps. In 1 
case which came to autopsy the heart was 
extremely dilated, but as there was also a 
defect in both septa and a patent ductus 
arteriosus, it is difficult to estimate what 
part of the deformity was due to the mitral 
stenosis. 


Case xvii (Fig. 18). C. B., white male, aged 
twelve weeks. Admitted to the Hospital June 5, 
1934. 

When this baby was three weeks of age, it 
had extreme difficulty in breathing. A roent- 
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Fic. 18. Case xvint. Defects in both septa. Patent 
ductus arteriosus. Mitral stenosis. While it was 
obvious this child had congenital heart disease, the 
exact nature of the defects could not be estimated 
because of the extreme dilatation of the heart. 


genogram was made and a diagnosis of enlarged 
thymus made. Roentgen treatment was given, 
but without any improvement in the baby’s 
condition. The difficulty in breathing and the 
cyanosis have continued up to the time of ad- 
mission. 

There was a bulging of the upper part of the 
chest and marked indrawing of the epigastrium 
on inspiration. Examination of the heart showed 
marked enlargement, with tachycardia, but no 
murmurs, no thrill. 

Roentgen examination revealed an enor- 
mously dilated heart. The diagnosis of enlarged 
thymus was not substantiated. 

The baby died on June 6, 1934. 

Autopsy: Both auricles were very large. The 
ventricles were not increased in size. The left 
seemed somewhat smaller than normal. The 
ductus arteriosus was patent. There was a very 
large defect in the ventricular septum. There 
was a large opening in the interauricular septum 
above the foramen ovale. The mitral valve was 
somewhat stenotic. It would not admit the tip 
of the little finger. The thymus was somewhat 
enlarged, weighing 17 grams. 

Diagnosis: Defect in both septa; patent duc- 
tus arteriosus; mitral stenosis. 


In another case reported below (Case 
xx), the left ventricle was markedly en- 
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Fic. 19. Case x1x. In this case the left auricle did not 
connect with any other chamber of the heart. 
There was an interventricular defect which pro- 
duced the characteristic wooden shoe shape seen. 
There was a persistent truncus arteriosus which 
was dextroposed and seen somewhat to the right 
of the usual location of the ascending aorta. 


larged which is a little difficult to under- 
stand as this is not the change one would 
expect to find in this defect. Two cases 
which came to autopsy had no mitral orifice 
whatever. One of these is illustrated in 
Case xIx. 


Case xix (Fig. 19). F. G., white female, aged 
eight days. Admitted to the Hospital February 
25, 1939, because of a mild degree of cyanosis 
and inability to get the child to take food. 
Cyanosis was more marked when the baby 
cried. 

Respirations were normal. The heart was 
slightly enlarged to the left. There was a soft 
systolic murmur at the apex. 

Roentgen examination of the chest showed a 
marked enlargement of the right side of the 
heart and the apex was displaced upward. The 
shape of the heart suggested patent inter- 
ventricular septum. 

The cardiologist examined the heart and re- 
ported a slight enlargement of the heart, with a 
soft systolic murmur over the base and diffuse 
cyanosis. His diagnosis was congenital heart dis- 
ease, probably patent foramen ovale. 

The child was readmitted on March 9, 1939, 
with the same symptoms, only much worse. 
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Breathing was very difficult and the child very 
cyanotic. She was placed in an oxygen tent. She 
died the next day. 

Autopsy: The heart was enlarged, particu. 
larly the right side which showed dilatation and 
hypertrophy. The right ventricular wall was 
almost as thick as the left. There was a defect 
in the interventricular septum, the upper third 
being missing. Immediately above the septal 
defect arose a persistent truncus arteriosus. A 
small pulmonary artery was given off just be- 
yond the pericardium. The remainder of the 
aorta was normal. There was complete atresia 
of the left auricle which did not communicate 
with the other chambers of the heart. The pul- 
monary veins emptied into the right auricle. 

Diagnosis: Cor biventriculare; persistent 
truncus arteriosus; defect of interventricular 
septum. 


A case of mitral stenosis is reported be- 
low. 


Case xx (Fig. 20). J. C., white male, aged 
two. Admitted to the Hospital on August 19, 
1935. 

The patient was poorly nourished; had 
marked pallor. He was not acutely ill. He had 
some clubbing of the fingers. The lungs were 
clear. The heart was enlarged to the left. There 
was a blowing systolic murmur over the entire 
precordium. The second pulmonic sound was 
accentuated. There was a thrill over the pre- 
cordium. There was no history of rheumatic 


Fic. 20. Case xx. Mitral stenosis with thickening 
and fibrosis of the cusps. Marked hypertrophy of 
the left ventricle probably due to increased effort 
to supply enough blood to the systemic circulation. 
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fever. A large mass occupied the right side of 
the abdomen which, after investigation, was 
diagnosed hypernephroma. Patient was dis- 
charged on September 16, 1935. 

He returned for roentgen treatment over the 
kidney tumor. 

He was readmitted on November 29, 1935, 
because of a general deterioration in his condi- 
tion. A roentgenogram made of his chest showed 
a marked enlargement of the entire heart and 
numerous areas of consolidation throughout 
both lungs, diagnosed pneumonia. He became 
steadily worse and died on December 1, 1935. 

At autopsy, tumor of the kidney was found 
as had been anticipated. On examination of the 
heart, the mitral valve was thickened and 
fibrotic. The tricuspid valve was normal. The 
wall of the right ventricle was about 1.5 cm. 
thick. Heart was otherwise normal. 

Diagnosis: Mitral stenosis. 


DEXTROCARDIA 


If dextrocardia occurs as a part of a 
general situs inversus, it has no clinical 
significance. When it occurs otherwise it is 
always complicated by other cardiac 
anomalies, according to Roesler. 

We apparently have an exception to this 
rule in one case which was not accompanied 
by transposition of other organs and in 
which no cardiac defect could be demon- 
strated. The case was followed for thirteen 
months and presented no symptoms of 
cardiac disturbance during this period. 
There may, of course, be some anomaly not 
yet discovered. 

The case presented below had a number 
of anomalies. The persistent right arch was 
recognized ante mortem, but the entire list 
of anomalies was not appreciated until the 
case came to autopsy. 


Case xxi (Fig. 21). L. B., colored female, 
aged seven months. Admitted to the Hospital 
on December 6, 1940. 

The child has had a discharging ear for the 
past four months and frequent head colds. On 
November 30, she developed a heavy chest cold 
with a cough. When admitted, she had difficulty 
in breathing and a high fever. 

Examination of the chest showed numerous 
rales, but a definite diagnosis of pneumonia 
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Fic. 21. Case xx1. Dextrocardia. Two auricles, one 
ventricle. Persistent truncus arteriosus. Atresia of 
pulmonary artery. Stenosis of aorta. See text for 
autopsy description. 


could not be made. The heart was much en- 
larged. The heart sounds were loud and heard 
best over the right side of the chest. No murmur 
was heard. 

Roentgen examination revealed a dextro- 
cardia, but no transposition of the organs as the 
liver was on the right side. In addition to the 
dextrocardia, there was an abnormal dilatation 
in the region of the ascending aorta, suggesting 
the possibility of a persistent right-sided arch 
which, in this case, would be a left-sided arch. 
There was a large area of bronchopneumonia in 
the middle of the left lung. 

The child died on December 12, 1940. 

Autopsy: When the chest was opened, the 
apex of the heart was on the right side. Both 
auricles were posterior. The heart had a globular 
appearance. There was only one vessel arising 
from the heart. This was the aorta which was 
widely dilated. The pulmonary artery was 
entirely obliterated from the heart to a point 
where it joined with a small vessel which arose 
from the arch of the aorta and which took the 
place of the pulmonary artery. The descending 
acrta was about half the size of the ascending 
aorta. There were two auricles and both con- 
nected with a common ventricle, and the wall 
of this ventricle was a rudimentary right ven- 
tricle which had failed to develop..A probe could 
be passed through a small opening in the ven- 
tricular septum into this space. There were no 
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valves at the tricuspid or mitral orifice, or at the 
vessel acting as a pulmonary artery. 

Diagnosis: Cor biatriatum triloculare; dextro- 
cardia; persistent truncus arteriosus; atresia of 
the pulmonary artery; coarctation of aorta. 


CONGENITAL IDIOPATHIC HYPERTROPHY 


It seems probable that this is not really 
an entity, but an acquired enlargement 
from any one of many causes. Congenital 
tumors of the heart are hardly idiopathic, 
the glycogen infiltration of heart muscle 
seen in small infants is probably not con- 
genital and is definitely secondary. Like- 
wise, the so-called beri-beri heart must be 
acquired. 

We have recently seen an infant about 
two months old with a very large heart who 
has a congenital obstructive jaundice. One 
can think of many pathological processes in 
very young infants which might bring 
about enlargement of the heart. 

Among the cases we have seen may be 
mentioned congenital stricture of the larynx 
in an infant one month old; congenital bi- 
liary duct anomaly in a child of ten months; 
erythroblastosis in a child of one year; 
avitaminosis in a child of two years. 

In these cases there is a general enlarge- 

ent of the heart, not characteristic of any 
particular anomaly. Murmurs are often 
heard, sometimes not. The diagnosis de- 
pends upon the recognition of the under- 
lying cause. The roentgen examination is 
not of a great deal of help except that it 
rules out those anomalies which present 
characteristic alterations in the shape of the 
heart. 

SUMMARY 


As regards roentgen diagnosis, congenital 
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anomalies may be divided into three clasgj- 
fications: 


A. Those with characteristic roentgen 
appearance. 

B. Those in which the appearance js 
either not characteristic, or else simi- 
lar in different lesions. 

C. Those in which the roentgen appear- 
ance is either normal or abnormal, but 
offers no help in differentiating the 
lesion. 


Under 4 may be mentioned: 


1. Defect of interventricular septum. 
2. Defect of interatrial septum, including 
patent foramen ovale. 
Lutembacher’s disease. 

Patent ductus arteriosus in most cases. 
Tetralogy of Fallot. 

Pulmonary atresia. 

Coarctation of aorta usually. 
Persistent right arch of aorta. 
Dextroposed aorta. 

Dextrocardia. 


SE SI 


B includes the following: 


1. Defects in both septa. 

Interatrial defect combined with pat- 
ent ductus arteriosus. 

Most cases of pulmonary stenosis. 
Aortic stenosis. 

Tricuspid stenosis. 


to 


C includes the following: 


Some cases of pulmonary stenosis. 
Aortic atresia. 

Transposition of great trunks. 
Persistent truncus arteriosus. 
Anomalous chambers. 

Mitral stenosis. 
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LEIOMYOSARCOMA OF THE STOMACH 
REPORT OF CASE* 


By CLINTON G. LYONS, M.D., and MARTIN SCHNEIDER, M.D. 


Veterans Administration 
HINES, ILLINOIS 


N THIS paper, we wish to add one more 
| to the slowly growing number of cases 
of leiomyosarcoma of the stomach which 
have been reported in the literature. The 
particular interest that attaches to our case 
is derived from the disproportionate size 
and number of metastases, especially the 
symptom-producing ones in the thorax, as 
compared to the small, “‘silent” gastric 
tumor, thus demonstrating clearly one of 
the diagnostic difficulties that characterize 
this type of growth. 

Chaffin? reviewed the subject of smooth 
muscle tumors of the stomach, collecting 
363 case reports from the literature, dating 
back to Morgagni’s case in 1762, and add- 
ing one of his own. Of these collected cases, 
23 per cent were malignant. Seventeen 
additional reports of gastric myomata have 
since been recorded; 8 of these cases, or 47 
per cent, were found to be malignant. The 
difference here may be attributed to better 
histological studies and earlier roentgen- 
ological diagnoses. Inasmuch as it is 
Ewing’s® opinion that many gastric sar- 
comata are probably of myogenic origin, 
many more muscle tumors of the stomach 
might be added to the list. 

Obviously, leiomyosarcomata of the 
stomach are not among the most rare of 
clinical entities, yet remain sorely neglected 
all too frequently in weighing the possi- 
bilities during differential diagnosis of neo- 
plasms, not only of the stomach, but of 
almost any part of the body. This is indi- 
cated strikingly in consideration of our 
case, as in several of those in the literature 
to date. Further, there are some character- 
istics of gastric myomata which seem suf- 
ficiently peculiar to warrant emphasis, as 


will be noted in the course of this brief 
outline and case report. It is only by re- 
peated clarification of such features in 
successive case reports that satisfactory 
clinical criteria for the diagnosis of any 
disease or disorder can be established. 
Thus, one of the outstanding occurrences 
noted in our type of case is the persistently 
“‘silent’’ gastric tumor, even in the presence 
of widespread and numerous metastases 
which are often the source of the patient’s 
presenting complaints. The primary growth 
may remain undiagnosed until postmortem 
examination unless attention is focussed on 
it by some such dramatic crises as hemor- 
rhage or perforation—and the latter is 
truly rare, only 4 having been reported. 
Symptoms apparently unrelated to the gas- 
tric lesion often occupy the spotlight for a 
long time. Two cases in point are, again, 
ours and Jordan’s.‘ Jordan’s patient pre- 
sented only a severe secondary anemia for 
several years before hematemesis occurred 
suddenly and led to a roentgen diagnosis of 
multiple gastric tumors. Surgical explora- 
tion was resorted to, the diagnosis of benign 
leiomyomata was confirmed and a few of 
the tumors were excised. Four years later 
malignant change was found histologically, 
following repeated hemorrhage, and a total 
gastric resection was performed. 

Ewing makes a point of the occurrence 
of severe hemorrhages from large myomata 
of the stomach, but it is the small tumors 
that are usually “‘silent” and result in puz- 
zling cases. While gastric muscle tumors 
may grow to a size larger than that of any 
other type of stomach neoplasm, others 
may be so small as to show no more than a 
tiny crater at the site of ulceration, or per- 


* Published with the permission of the Medical Director of the Veterans Administration, who assumes no responsitility for the 
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haps a small filling defect in the gastric 
mucosa, on roentgen examination, and fre- 
quently with no interruption of peristalsis. 
This latter finding occurs sufficiently often 
to warrant mention among the roentgen 
characteristics of the gastric myomata, 
either benign or malignant. At the opposite 
pole is the type of case exemplified by 
Baumgartner’s,' the specimen in which 
weighed 700 grams and measured 20 by 20 
by 12 centimeters. 

Further difficulty in diagnosis is encoun- 
tered in light of the tendency of any 
myoma of the stomach to grow outward 
(exogastric) or inward (endogastric). The 
former type may not be diagnosed at all 
during life, unless it becomes large enough 
to be palpable or to cause a pressure defect 
on the outline of the barium-filled stomach, 
and is then explored surgically. The endo- 
gastric type may be sessile or pedunculated, 
and, if the latter, may be as movable as any 
polypoid tumor in a hollow viscus with the 
possibility always present of prolapse 
through, or obstruction of, the pylorus. 
Previous investigators have pointed out 
that ulceration, when it occurs, is located 
at the dome of endogastric myomata and 
at the point of attachment of exogastric 
ones—1i.e., at a site farthest from the source 
of blood supply at the point of contiguity 
of mucosa and neoplasm. On the whole, the 
endogastric leiomyomata are prone to 
cause earlier symptoms and permit earlier 
diagnoses than the exogastric type. 

Undoubtedly, the increasing number of 
cases of this type diagnosed in the past 
fifteen years ante-mortem must be ascribed 
largely to improved roentgenologic studies 
and technique, combined with an increasing 
awareness of the possibility of the existence 
of such tumors in obscure cases and better 
correlation of clinical and roentgen findings. 
The one outstanding improvement in 
roentgen study which should be singled out 
is the more effective use of the roentgeno- 
scopic observation of the stomach while it 
is palpated during ingestion of a radi- 
opaque medium, to show not only gross 
defections but disturbances of the rugal 
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pattern also. Repeatedly, clues have been 
adduced.from such findings as (1) barium 
retained within an ulcer crater which jn 
turn lies within a fairly well demarcated 
filling defect, interpreted as tumor, and (2) 
the observation of a normal peristalsis and 
mucosal pattern except in the immediate 
location of the neoplasm. 


CASE REPORT 

F. W. B., white male, aged forty-one, was 
admitted to the Edward Hines Jr. Hospital, 
July 2, 1940, complaining of cough, expectora- 
tion of grayish sputum, pain over the left hemi- 
thorax and loss of about 40 pounds in weight in 
the past three months. He dated the onset of his 
illness to December, 1939, when a mild cough 
developed with no other symptoms until 
March 28, 1940. At that time, his cough in- 
creased suddenly and was accompanied by 
sharp pain in the left chest, pleuritic in type, 
and by a fever. Despite bedrest, under medical 
supervision of his family physician for two 
months, his symptoms became progressively 
worse and he began to raise a grayish sputum 
and to lose weight. He was hospitalized at 
Receiving Hospital, Detroit, on May 25, 1940, 
where roentgen examination disclosed, in the 
left thorax, a mass, from which a punch biopsy 
was taken and a diagnosis of mesothelioma or 
mesothelial sarcoma of the pleura was made. 
The mass seen on the roentgenogram was in the 
left upper chest laterally, measured about 17 
by 6 cm., and showed evidence of erosion of the 
left third and fourth ribs laterally. Another 
rounded mass, approximately & cm. in diame- 
ter, was seen on the roentgenogram at the base 
of the left chest, posterior to the heart. The pa- 
tient was then transferred to this hospital. 

Past and Family History. Non-contributory. 

Physical Examination. Acutely ill white male, 
aged forty-one, lying in bed. Head, eyes, ears, 
nose and throat: essentially, no significant find- 
ings. Neck: no adenopathy or abnormal pulsa- 
tions. Chest: respiratory lag on left side. Marked 
tenderness from second to fifth ribs, left side, 
about 2 inches to left of sternum. Small scar in 
fourth interspace, left axilla. Enlarged and 
tender left axillary nodes. Dullness to percus- 
sion in left chest, with diminished breath 
sounds, vocal sounds and tactile fremitus. 4bdo- 
men: soft; no masses, tenderness or rigidity were 
found. The liver, spleen and kidney were not 
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palpable. Extremities: entire left arm and fore- 
arm were tender and hyperesthetic. Genitalia, 
anus: normal. 

Laboratory Data. Urine: straw colored, turbid; 
acid; specific gravity 1.010; no albumin, sugar, 
cells or casts found. Wassermann and Kahn re- 
actions: negative. Blood counts: July 3, 1940 
red blood cells 4,120,000; white blood cells 
12,000, with 88 per cent polymorphonuclears, 
11 per cent lymphocytes and 1 per cent mono- 
cytes. Hemoglobin 80 per cent. Blood count on 
July 10, 1940—red blood cells, 4,320,000; hemo- 
globin 85 per cent; white blood cells 7,300, with 
71 per cent polymorphonuclears, 27 per cent 
lymphocytes and 2 per cent eosinophiles. No 
nucleated red blood cells. No polychromato- 
philia or poikilocytosis. Sputum: no tubercle 
bacilli found on specimens taken on July 3 and 
1940. 

Patient refused to submit to a fractional 
analysis of the stomach contents. 

Course. On admission here, evidence of 
weight loss was obvious. Patient was dyspneic 
and had a productive cough, and pain in the 
left chest was severe. A biopsy taken July 18, 
1940, from the chest wall in the left axillary line, 
was reported, “Undifferentiated malignant 
tumor, probably carcinoma.” 

Roentgenographic study of the chest showed 


Fic. 1. Potter-Bucky roentgenogram of the chest, 
demonstrating the radiopaque masses in the left 
thorax, at its upper lateral aspect, and at its base. 
overlying the cardiac shadow. 
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Fic. 2. A Potter-Bucky roentgenogram of the left 
upper chest, to show the rib erosion described in 
the text. 


the masses similar to those described at Re- 
ceiving Hospital (Fig. 1) with erosion of the 
second, third and fourth ribs (Fig. 2). Because 
the patient experienced some abdominal dis- 
tress, vomiting and diarrhea during his third 
week of hospitalization, a gastrointestinal study 
was done, to seek a primary growth, on July 26 
and again on August 2. An ulcerated filling de- 
fect of the pars media near the lesser curvature 
was visualized (Fig. 3) and a roentgen diagnosis 
of new-growth of the stomach was made, al- 
though the filling defect was not seen during the 
roentgenoscopic examinations. The thoracic 
masses were therefore interpreted as metastases 
from a malignant lesion (probably carcinoma) 
of the stomach. 

However, the patient became progressively 
weaker; his abdomen became distended, and a 
hard irregular mass appeared in the right epi- 
gastrium and right hypochondrium, in addition 
to the mass bulging outward in the upper aspect 
of the left lateral chest wall, which was hard 
and tender. He diéd on September 20, 1940. 

Necropsy. The pertinent findings were in the 
thorax, abdomen and lumbar spine. Right 
thorax showed only a few small tumor nodules 
in the right lower lobe, 5 to 7 mm. in diameter. 
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Fic. 3. Roentgenogram of the stomach with con- 
trast meal, displaying in distinct relief the ulcer 
crater and surrounding filling defect in the mucosal 
pattern of the upper portion of the pars media. 


Left thorax was occupied largely by a huge 
tumor mass extending through the pleura, in- 
volving the thoracic wall and eroding the second, 
third and fourth ribs laterally to form a firm 
mass in the left axilla. A similar mass was found 
at the base of the left hemithorax, infiltrating 
the diaphragm. The left pleura and the peri- 
cardium were exclusively thickened by tumor 
tissue and there was a shaggy fibrinous peri- 
carditis. The parenchyma of the left lung con- 
tained scattered tumor nodules. Abdomen: the 
gastric mucosa contained a raised tumor mass, 
5 cm. in diameter, on the posterior wall of the 
fundus, whitish-yellow in color, with firm 
raised margins and slight ulceration centrally. 
There were tumor masses also in the mesenteric 
glands and perirenal fat; the surfaces of the 
gallbladder and liver and the peritoneum were 
studded with nodules. Spine: a nodule, 6 mm. 
in diameter, was found in the body of the 
second lumbar vertebra. 

Histopathologically, the gastric tumor was 
found to infiltrate deeply and extensively; the 
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cells were oval or elongated, arranged in irregu. 
lar bands and sheets, and appeared similar to 
smooth muscle in the more differentiated por. 
tions of the neoplasm. The growth was very 
cellular with such findings as_ intercellular 
bridging, mitoses and hyperchromatic nucle; 
being common (Fig. 4). All the metastases pre- 
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Vic. 4. Photomicrograph of section of the malignant 


iiclei showing irregular arrangement of the cells 
in muscle- like bundles and whorls, mitotic figures, 
intercellular bridging, atypism and_ hyperchro- 
matic nuclei, and demonstrating the sheet-like, 
massive growth of the neoplasm. 


sented a similar picture. Microscopically, there 

was malignant invasion of the myocardium 

also. 
The anatomical diagnoses, here, were: 

(1) Leiomyosarcoma, Grade 3, of the stomach, 
with metastases to the left diaphragm, 
pleura, lungs, pericardium, heart, mesen- 
teric glands, serosa of gallbladder, surface 
of the liver, peritoneum, left perirenal fat, 
ribs and second lumbar vertebra. 

(2) Pericarditis, serofibrinous, acute. 


SUMMARY 


A case of leiomyosarcoma of stomach, 
with large and extensive metastases, is 
presented here. It is an illustration of the 
difficulty in diagnosis of this type of gastric 
tumor, and of the oft-repeated masking of 
the primary growth by the symptom-pro- 
ducing metastases. Here, the thoracic 
metastases were huge and, from a roent- 
genologic standpoint alone, might con- 
ceivably have been ascribed to mesotheli- 
oma of pleura or cancer of the lung, so that 
the necessity of a search for a primary 
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tumor, as was done in this example, is em- 
phasized. In such an investigation, roent- 
genologic study is of primary importance. 
The roentgen characteristics—a relatively 
normal mucosal pattern, except in the im- 
mediate region of the filling defect or the 
ulceration and normal peristalsis roent- 
genoscopically—are also illustrated in this 
case. It is noteworthy that, until the pa- 
tient’s condition was terminal, there was no 
hint, clinically, of any intra-abdominal dis- 
order or new-growth. 
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The authors are indebted to Ralph Creer for 
photographing the illustrations accompanying this 
article. 
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MELORHEOSTOSIS 
REPORT OF A BILATERAL CASE 


By J. W. J. CARPENDER, M.D.,' D. R. BAKER, M.D.,? S. P. PERRY, M.D. 
and TOM OUTLAND, M.D.‘ 


SAYRE, PENNSYLVANIA 


HIS unusual condition was first de- 

scribed by Léri and Joanny in 1922 at 
which time they suggested the name of 
melorheostosis or flowing periostitis. Three 
years later a case listed as an unclassified 
osteosclerosis was published by Lewin and 
MacLeod. In 1932 Kraft reported a number 
of cases and reviewed all the other recorded 
cases, a total of 1g at that time. Widmann 
and Stecher, in 1935, reviewed the subject 
thoroughly and classified the condition into 
four groups: complete continuous flow, 
partial continuous flow, interrupted flow 
and circumscribed flow. They believed that 
the evidence supported the theory of Zim- 
mer, namely, that the condition was caused 
by embryonic metameric disturbance. 
They stated that the lesion involves the 
derivatives of the anlage of a single ex- 
tremity and that pathognomonically the 
remainder of the skeleton is unaffected. 
Franklin and Matheson in a recent paper 
list 38 cases reported since 1922 and present 
1 of their own. Of these cases, 19 occurred in 
males and 12 in females while sex was not 
mentioned in the remaining eleven. In 19 
of the cases the lesions were in the lower 
limb and in 18 in the upper. Five cases 
departed from the characteristic monomelic 
involvement but none showed bilateral 
involvement as in the case here presented. 
In personal communications, we have 
heard of one case at Johns Hopkins Hospi- 
tal and another at Boston City Hospital 
which with our own case makes a total of 
42 cases known to date. 


PATHOLOGY 


Widmann and Stecher stated that of the 
cases reported biopsy had been obtained in 


only 5 and so far no autopsies had been 
included. Cortical hyperostosis of dense 
sclerotic bone either endosteal, periosteal, 
or both, characterizes the benign progres- 
sive lesion which, roentgenologically, pro- 
duces the effect of dripping or flowing 
candle wax. There is atrophy in the length 
of the involved bones and no expansile en- 
largement has been noted. As was previ- 
ously stated, the lesions, as heretofore de- 
scribed, involve the derivatives of the an- 
lage of a single extremity. The group classi- 
fication of the lesions is self explanatory, 
Microscopic examination of specimens ob- 
tained has shown marked density of the 
osseous lamellae with overcrowding and 
bizarre formations. In all but one case 
mentioned by Léri there was a reduction in 
the number of osteoblasts. 


SYMPTOMATOLOGY 


The condition is probably not so rare as 
has been believed. The diagnosis is usually 
made by the roentgenologist but careful 
review of a history which is principally con- 
cerned with vague, low grade pain, usually 
confined to one extremity should bring this 
condition to the mind of the clinician. 

The symptoms are sporadic and may 
disappear for months or years. Deviation 
of the involved digits with impairment of 
their articular motion is common, the for- 
mer early and the latter late. Shortening of 
the involved parts with soft tissue atrophy 
is almost constant. 

Laboratory studies have been found to 
be of no value in making a diagnosis except 
to rule out other conditions. No treatment 
has been of any avail. The condition must 
be differentiated from syphilis, tubercu- 
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losis, ossifying periostitis and calcinosis. 
The specific roentgenographic findings will 
generally suffice to do this, supplemented 
by negative laboratory finding. 


CASE REPORT 


The patient, a white female, wes first exam- 
ined on March 25, 1931, at the age of ten years; 
she was referred to the clinic from the Penn- 
sylvania Crippled Children’s Clinic because of 
a peculiar gait which had been present for a 
period of months, accerding to the history ob- 
tained at that time. 

Examination revealed what appeared to be 
an abduction contracture of the left hip. As a 


Fic. 1. Cortical bone from the lateral surface 
of the ilium. 


result of this, the patient exhibited a marked 
apparent lengthening of the left lower ex- 
tremity, due to the downward tilt of the pelvis. 
There did not appear to be any particular weak- 
ness in the adductors on the left side to account 
for the abduction contracture. A tentative 
diagnosis of mild residual poliomyelitis was 
made. 

Operation was performed June 13, 1931, for 
correction of the fixed pelvis obliquity. The 
operation consisted of incision of the fascia lata 
and osteotomy of the greater trochanter to 
relieve the gluteus medius. 

Examination approximately six weeks later 
revealed complete correction of the pelvic ob- 
liquity. The patient walked with practically a 
normal gait. It was noted, however, that she 
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Fic. 2. Cortical bone from the upper third of the 
anterior portion of the femur. 


had a moderate degree of genu valgum and 
marked pronation of the feet, bilaterally. 

The patient was again seen on June 29, 1939. 
At that time she complained of cramping and 
pain in the right hip and leg. She stated that 
this had been present for several years and was 
increasing in severity. The pain was described 
as shooting in character, originated in the 
lumbosacral area but radiated down the leg in 
the sciatic distribution and also down the front 
of the right thigh. 

Examination showed a marked contracture 
of the right iliotibial band. Ober’s and Ely’s 
signs were marked positively on the right. Sec- 
tion of the right iliotibial band was carried out 


on June 30, 1939. rs 
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Three months following the Ober operation, 
the patient returned to the clinic. She had been 
entirely pain free since the operation but noted 
considerable restriction of motion in the right 
hip joint. 

Fxamination showed no flexion deformity 
when standing. Flexion, however, was limited 
to 90 degrees. Rotation was moderately re- 
stricted. Ober’s sign was negative. There was 
1 inch bone shortening involving the right 
lower extremity, and the right thigh was grossly 
hypertrophied, measurement showing 2 inch 
hypertrophy at mid-thigh and 1 inch just above 
the right knee. 

Roentgenograms taken at this time led to the 
diagnosis of the pathologic entity. A review of 
these findings will follow later in the report, 
together with other laboratory data. 

A complete review of this patient’s past 
history was undertaken to bring out any signifi- 
cant points previously overlooked. Briefly, the 
patient was born at home, the sixth child and, 


according to the patient’s belief, instruments 
were used. Walking was delayed well into the 
second year and the patient stated she dragged 
her left foot when walking. The family history 
was negative for any evidence of this disease in 
the preceding two generations. The past history 
was non-contributory except for measles in 
childhood and infectious jaundice at the age of 
twelve years. Menstrual onset was at the age of 
thirteen years, very irregular, one or two 
month intervals, lasting eight days. Recently, 
her periods have become more regular, occur- 
ring at three or four week intervals, lasting 
seven or eight days. 

The patient stated that following the first 
operation until the age of fourteen years, she 
had no difficulty walking. The symptoms, 
starting at the age of fourteen, became progres- 
sively worse until the second operation, at 
which time pain was severe endugh to interfere 
with sleep. At the second operation her general 
health was good; weight was 138 pounds. 
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This patient was seen again on January 1S, 
1940, when she reported excellent general 
health, some lower lumbar pain at times, no 
pain in the hips, some cramps in both legs and 
no trouble with her feet since wearing corrective 


supports. There was no clinical evidence of 


changes. Hypertrophy of the right lower ex- 
tremity was still present. 

On September 17, 1940, the patient returned 
again complaining of “prominence of the right 
hip.”” Upon examination, flexion was limited to 
about 70 degrees. It was believed, at that time, 
that restriction of motion was due to excessive 
ostosis about the femoral head. Roentgeno- 
grams showed the extent of the melorheostosis 
relatively unchanged. 

The patient was admitted to the hospital on 
October 2, 1940, when significant changes were 
found. An operation was performed of which 
the transcript follows: ““The usual approach to 
the right hip by the Smith-Petersen acetabulum 
incision was made. When the incision was ex- 
tended deeply it was found that there was a 
continuous sheet of adhesions of tough, thick- 
ened fascia surrounding the structures of the 
hip joint. This was dissected free. In places this 


fascia was 2 to 3 mm. thick and far more tough 
than the normal hip joint capsule. A sheet of it, 
approximately 4 inches long and 3 inches wide, 
was removed. The anterior third of the hip joint 
capsule was removed, which demonstrated free 
motion at the hip joint with no exostoses. With 
the wound open, passive motion of the hip was 
attempted in flexion and abduction. It was 
found that passive flexion could be easily 
secured and for about 30 degrees beyond right 
angles and abduction of about 40 degrees 
secured. There was therefore no indication for 
removal of bone for the purpose of increasing 
motion. The femoral head appeared to be 
covered by an abnormally large layer of carti- 
lage, the whole appearing like the femoral head 
of a child seven to nine years of age although 
adult in size. Bone biopsies were taken as fol- 
lows: (1) small wedge from the anterior portion 
of the acetabular lip; (2) cortical bone from the 
side of the ilium (Fig. 1); (3) cancellous bone 
from the side of the ilium; (4) cortical bone from 
the upper third of the anterior portion of the 
femur (Fig. 2). 

“The wound was then closed in layers with 
reattachment of rectus femoris by several 
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mattress sutures of chromic catgut. The mus- 
cles originating from the iliac crest were re- 
attached to their origin. Deep fascia was not 
closed and an additional layer of plain catgut 
was placed close to the superficial fascia. The 
skin was then closed with a running stitch of 
black silk.” 

After a moderately stormy postoperative 
course the patient was discharged on November 
23, 1940. When seen on January 7, 1941, she 
stated that she was pleased with the results of 
the operation. She was walking well at that 
time. 

Roentgen and Laboratory Studies. During the 
course of a clinic visit on September 8, 1939, 
a roentgenogram of the pelvis disclosed the 
involvement of the area and, as a consequence, 
the entire skeleton was examined. The roentgen 
report follows: ““There are multiple lesions in 
the skeleton, all having similar characteristics. 
The lesions are long striations which, according 
to textbook descriptions, resemble the dripping 
tallow from a candle. It was difficult to be ab- 
solutely certain but the lesions are definitely 
cortical and are probably subperiosteal in na- 
ture and probably represent the disease entity 
known as melorheostosis or flowing periostitis. 
These lesions involve both ilia, right femur, 
right tibia and, to a lesser extent, the lateral 
condyle of the left femur, the left fourth and 
fifth metatarsals, the left cuboid and left cal- 
caneus; in the right foot, the fourth and fifth 
metatarsals and lateral half of the cuboid. In 
the right foot all of the phalanges of the fifth 
toe are similarly involved whereas in the left 
foot all the phalanges of the fourth toe are 
involved. Roentgenograms of the skull fail to 
demonstrate any evidence of this disease. 
Roentgenograms of the thoracic and lumbar 
spine demonstrate a mild degree of scoliosis to 
the left with the point of maximum convexity 
at the level of the eleventh thoracic. There are 
some striations in the vertebral bodies, extend- 
ing from the level of the seventh thoracic down 
and including the first lumbar. There is a 
moderate degree also of lordosis in the upper 
lumbar spine. Roentgenograms of the upper 
extremity include both humeri, both forearms 
and both hands and fail to demonstrate any 
evidence of this disease in the upper extremity. 
Impression: (1) melorheostosis (flowing peri- 
ostitis) involving the pelvis, both lower ex- 
tremities (more extensive on the right than on 
the left) and the thoracolumbar spine; (2) 
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scoliosis to the left in the lower thoracic region 
and a moderate degree of lumbar lordosis.”’ 
Figures 3 to 8 demonstrate the involved 
areas with the exception of the lumbar spine 
which was not deemed suitable for reproduction 
as an illustration. Figure 9 is a schematic draw- 
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Fic. 9. Schematic drawing showing areas involved. 


ing of the areas involved. Later roentgen exam- 
inations, most recently on September 17, 1940, 
showed no demonstrable progression of the 
disease. 

At the same time, detailed laboratory studies 
were done. The blood count showed red blood 
cells 3,960,000; 77 per cent (12 gm.) hemoglobin; 
white blood cells 6,000; with a differential of 
82 per cent polymorphonuclears and 18 per 
cent lymphocytes. The Kahn reaction was 
negative and the blood sugar was 105 mg. per 
100 cc. A sample of blood was sent to Dr. A. B. 
Gutman of Presbyterian Hospital in New York 
City, who had kindly consented to do detailed 
blood chemistry for us. His report was as fol- 
lows: Serum inorganic phosphorus 3.2 mg. per 
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100 cc.; serum phosphatase 3.5 Bodansky units 
per 100 cc.; serum calcium 10.3 mg. per 100 cc.; 
non-protein nitrogen 30 mg. per 100 cc.; bili- 
rubin no color; serum protein 8.3 per cent; 
serum albumin §.1 per cent; serum globulin 312 
per cent; serum euglobulin 0.4 per cent. 

The pathological specimens obtained at 
operation on October 3, 1940, were sent to Dr. 
C. Howard Hatcher ot Chicago, Illinois, who 
reported that with the exception of the can- 
cellous bone from the ilium all the specimens 
showed considerable sclerosis of cortical bone 
with some increase in the osteoid tissue along 
the trabeculae. No unusual pathologic change 
was seen to distinguish this from any other 
bizarre sclerosis of bone. 


SUMMARY 


The literature on thirty-nine reported 
cases of melorheostosis is briefly reviewed 
and two hitherto unreported cases are listed. 
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A report of the only known case of melo- 
rheostosis with bilateral involvement js 
given. Aside from the fact that this case 
shows bilateral involvement it does not 
differ from others reported previously. 
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HEMOPHILIC ARTHRITIS 


ROENTGENOGRAPHIC STUDIES IN FIFTEEN ADULT PATIENTS 
WITH HEMOPHILIA* 


By EUGENE J. McDONALD, M.D., and EUGENE L. LOZNER, M.D. 


BOSTON, MASSACHUSETTS 


EMOPHILIA may seem of only slight 
H importance to the roentgenologist be- 
cause of the infrequency of this disorder. It 
is, however, of considerable significance 
because of the occurrence of joint involve- 
ment which may simulate other conditions 
for which operative intervention may be 
indicated. That this intervention must be 
prevented by means of a correct differen- 
tial diagnosis is obvious from the definition 
of hemophilia, namely, a disorder char- 
acterized by prolonged and immoderate 
hemorrhage dependent upon delayed 
coagulation of the blood, seen only in the 
male but transmitted through the female.’ 

The clinical aspects of hemophilic ar- 
thritis have been reviewed by Key,° Keefer 
and Myers,® and Freund.! Two stages are 
generally recognized: (1) that of the acute 
hemarthrosis, either spontaneous or trau- 
matic in origin, in which the joint is acutely 
distended with blood, and (2) that of the 
chronic degenerative arthritis which may 
involve the joint following one or more 
hemarthroses. 

It is the purpose of this communication 
to report roentgenographic studies on 15 
adult patients with hemophilia, ranging in 
age from thirteen to fifty-two years. The 
venous blood coagulation time was con- 
siderably elevated in every patient, and the 
diagnosis of hemophilia unmistakably 
proved. 

In all 15 cases, anteroposterior and 
lateral roentgenograms of both knees and 
both elbows were taken. In most of the 
cases, roentgenograms were taken of both 
ankles. In patients who presented clinical 
evidence of other joint involvement or a 
history of hemarthroses involving other 


joints, roentgenograms were also taken of 
these. Most of the patients were ambula- 
tory, and no particular effort was made to 
secure roentgenograms of acute hemar- 
throses except as they happened to occur 
during the period of study. 

The degrees of roentgenographic joint 
changes observed are presented in Table 1. 
For purposes of classification, four degrees 
of pathologic involvement were defined as 
follows: 

o demonstrable roentgenographic 

change. 

1+ =mild involvement shown by spurring at 

margins of joint with slightly increased 
periarticular density. 

2+ =moderate involvement shown by early 

narrowing and irregularity of joint 
space with evidence of early subchon- 
dral cysts and capsular fibrosis. 

3+ =severe involvement shown by marked 

narrowing and irregularity of joint 
space with marked subchondral cystic 
changes. 

In all 15 cases roentgenographic changes 
were demonstrable in the knee on one or 
both sides. Similarly, the elbow was af- 
fected in all but one patient. In general, it 
would appear that the degree of involve- 
ment increased proportionally with the age 
of the patients. The 2 youngest patients 
observed, thirteen and eighteen years old, 
had the least involvement. There were 16 
joints roentgenographed of these two boys 
and only 3 presented demonstrable patho- 
logic changes. On the other hand, the 3 
oldest patients, thirty-four, thirty-six, and 
fifty-two years old, presented the greatest 
involvement; in these men, of 22 joints 
roentgenographed 20 showed pathologic 
changes. 


* From the Department of Roentgenology, Boston City Hospital and from the Thorndike Memorial Laboratory, Second and Fourth 
Medical Services (Harvard), Boston City Hospital, and the Department of Medicine, Harvard Medical School. Presented in part at 
the meeting of the New England Roentgen Ray Society, February, 1941, Boston, Mass. 
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Fic. 1. Case 1. Age thirteen years. Left knee shows 
no joint or bone involvement but presents marked 
periarticular density which corresponds approxi- 
mately with synovial capsule. The density appears 
fibrous in character. 


The actual roentgenographic appear- 
ances of typical joints are illustrated in 
Figures I to 5. 

DISCUSSION 

An experimental study of the action of 
blood on the synovial membrane and a 
study of the anatomical changes in hemo- 
philic joints have been reported on by 
Key.*> He observed that two factors were 
concerned in the reaction of the membrane: 
one, mechanical and the other chemical. 
Following the instillation of blood into a 


Fic. 2. Case xu. Age twenty-seven years. Both knees 
present moderate involvement with narrowing and 
irregularity of joint space. Spurring is seen at pe- 
riphery of the articular surfaces. Subchondral cysts 
are present. Capsular changes are not remarkable. 
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joint cavity, marked cellular reaction takes 
place in the synovial membrane. The 
macrophages phagocytose the red cells and 
settle in the subsynovial tissues beneath 
the capsule. Eventually there is a tendency 
to fibrous ankylosis due to thickening and 
shortening of the joint capsule. The broken 
down iron pigment deposits may cast a 
dense roentgen shadow and may even be 
mistaken for calcification. The cartilage in 
most instances of chronic hemophilic ar- 


Fic. 3. Case vi. Age twenty-three years. The left el- 
bow presents clouding in the antecubital fossa of 
fibrous tissue density. There are cystic changes in 
the capitulum of the humerus and the head of the 
radius. 


thritis appears irregularly serrated due to 
spotty absorption and adjacent prolifera- 
tion. There is narrowing of the interarticu- 
lar surfaces but not necessarily at the point 
of maximum weight bearing. The periphery 
of the articular cartilage, even in early 
cases, frequently shows spurring due to 
proliferating osteophytes. 
Characteristically, the changes in the 
bone tissue are those of subarticular cystic 
absorption. Diffuse decalcification of the 
bone from disuse may accentuate these 
cystic areas. The diameter of the cysts 
varies from less than a millimeter to more 
than a centimeter, and the cysts may be 
round or irregular and single or loculated. 
The mechanism of origin of these cysts is 
controversial. Freund! believes that it is 
necessary, in part, to assume that hemo- 
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philic blood exerts some as yet unkown 
chemical effect on bone tissue. Key, on the 
other hand, inclines to the opinion that an 
intraosseous hemorrhage occurs in bone 
already decalcified from limited use and 
that the hemorrhage being of hemophilic 
origin progresses to cause an area of aseptic 
pressure necrosis in the bone. 

It is of interest to note here that not 
all hemarthroses are followed by these 
changes. Many of our patients gave a his- 
tory of occasional hemarthroses in joints 
which are now roentgenographically nega- 
tive. Gocht? has reported a patient with 45 
hemarthroses into a single joint without 
permanent cartilaginous or bony changes. 

The joint conditions which must be 
differentiated from hemophilic arthritis 
may be divided into two groups according 
to which stage of the hemophilic condition 
they resemble, namely (1) acute hemar- 
throsis and (2) chronic degenerative 
arthritis. 

Acute hemophilic hemarthrosis simulates 
roentgenographically any traumatic, serous 
or purulent synovitis in which the joint 
space is distended with fluid. The joint by 
preference is held in partial flexion, for it 
is in this position that the capsule has its 
greatest capacity, producing therefore the 
least tension. There is generalized periar- 
ticular clouding of soft tissue appearance, 


Fic. 4. Case xin. Age thirty-four years. Right elbow 
presents deformity due to repeated hemarthroses 
before epiphyseal fusion. There is flaring at both 
articular surfaces, general periarticular density, 
and marked cystic decalcification, 
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Fic. 5. Case 1x. Age twenty-five years. Left shoulder 
presents a single sharply defined area of articular 
necrosis on the outer superior surface of the hu- 
meral head just within the capsular attachment. 
The picture resembles tuberculous caries sicca but 
in the latter condition the articular surface is usu- 
ally shaggy and scalloped. 


most marked along the lines of the dis- 
tended capsule. Roentgenological differen- 
tial diagnosis is almost impossible at this 
stage nor is one usually able to differentiate 
the hemophilic hemarthrosis from the 
hemarthroses which may occur traumati- 
cally in the normal individual or spontane- 
ously in certain other hemorrhagic dia- 
theses. 

In the chronic stage, roentgenographic 
differential diagnosis is more frequently 
possible. Differentiation must be made first 
from osteoarthritis which usually occurs 
after forty-five years of age. In hemophilia, 
roentgenographic changes about a joint are 
very apt to be seen before the age of 
twenty-one. Cystic changes in the bones 
may be seen in both conditions. They are 
the rule in hemophilia and much less com- 
mon in osteoarthritis. Generalized decalci- 
fication is more often seen and usually more 
severe in hemophilic than in osteoarthritis. 

Differentiation from rheumatoid arthri- 
tis is suggested first of all by the location, 
since in the rheumatoid condition wrists 
and phalanges are far more frequently in- 
volved than in the hemophilic: In rheuma- 
toid arthritis bony ankylosis of the joint 
is not uncommon but this is a distinct 
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I 
SUMMARY OF THE DEGREES* OF PATHOLOGIC INVOLVEMENT OBSERVED ROENTGENO- 
GRAPHICALLY IN THE JOINTS OF FIFTEEN PATIENTS WITH HEMOPHILIA 
| Hip | Knee Ankle _ Shoulder Elbow Wrist Hand 
Case No. | Age |—— | 
I 13 ° | fe) fe) fe) 
II 18 ° 2 fe) 2+ | 0 
lil 22 I+ 1+ I+ 1+ 1+ 1+ | 
IV 22 2 3+ |0 2 ° I+} 14 
23 2 2 fe) 2 
vI 23 2+/10 I+ 3+ 
vil 23 2 2+ fe) I 
Vill 23 fe) 1+] 1+ I+ I+ O i+ 
Ix 25 2 2 
x 25 I+ | I+) 2 fe) I+ | I+ 
xI 25 2 3+ fe) I+ | 2 fe) 2+ 
XII 27 2 2 fe) 2 
34 3+ | 9} 3 3 3+ | 0 3+ | 3 
XIV 36 3 3+ | 34+ | 3+ 2+ 2 2+ | 2+ 
XV $2 I+ | 1 i+ | 2+ 2+ 12 


*o = Negative. 1+ =Mild involvement. 


rarity in hemophilia. Subchondral cystic 
changes are much more frequently seen in 
hemophilic than in rheumatoid arthritis. 

Tuberculous arthritis offers a serious 
challenge in differential diagnosis. It pre- 
sents, however, an articular surface in 
which fine etching i is absent and ragged and 
irregular scalloping is conspicuous. 

When the roentgenographic changes of 
hemophilic arthritis are observed, the pos- 
sibility of hemophilia should be suggested 
to the clinician in order that this diagnosis 
be eliminated before surgery is undertaken. 
The diagnosis of hemophilia cannot be 
made without the demonstration of a pro- 
longed venous blood coagulation time. It 
has been pointed out, however, that in a 
young male with past and family history 
of hemorrhagic tendency and who shows 
joint involvement, a highly presumptive 
diagnosis can frequently be made.’ The 
occurrence of the roentgenographic changes 
described here should contribute to that 
presumptive diagnosis. 


SUMMARY AND CONCLUSIONS 


Roentgenographic studies were made 


2+ =Moderate involvement. 


3 + =Severe involvement. 


on the joints of 15 adults with hemophilia. 
In every patient, pathological changes 
were observed roentgenographically in one 
or both knees; and in all but one patient, 
in one or both elbows. 
3. In general, the degree of change in- 
creased proportionally with the age of the 
patient. 


The authors appreciate the advice of Dr. P. F. 
Butler, Director of the Department of Roentgenol- 
ogy, Boston City Hospital. 
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ROENTGENOGRAPHY AS A DIAGNOSTIC AID IN 
PULMONARY FAT EMBOLISM 


HE occurrence of fat embolism is com- 
mon, and much more common than has 
- been suspected according to reports which 
have appeared in the literature. Whitaker! 
writes that fat embolism is a definite, well 
established disease entity which is neither 
new nor infrequent. While this statement 
may be true, too often the diagnosis is 
made at the autopsy table, death having 
occurred without a true recognition of the 
causative factor until autopsy reveals the 
presence of multiple fat emboli throughout 
the lung fields and other portions of the 
body. 

In many cases the emboli may not be 
severe enough to produce death or even 
clinical symptoms, but that they do occur 
with frequency is often overlooked or neg- 
lected as an explanation for some of the un- 
toward symptoms which the patient mani- 
fests following fracture. With regard to the 
origin of the fat, speculation has arisen as 
to whether the injured bone is the sole 
source of the fat or whether there is some 
additional alteration in the normal lipoid 
content of the blood, since it has been 
claimed that there is not enough fat in any 
long bone of the body to cause death even 
if all of it should enter the circulation. How- 
ever, it is generally believed that the chief 
source of the fat is the injured bone and 
that a small amount may reach the circula- 
tion by way of the lymphatics. The fat 
passes to the right side of the heart and 
from there enters the pulmonary circula- 
tion where it becomes lodged in the finer 
arterioles and capillaries. If the amount of 
fat is too great, it may act much the same 


1 Whitaker, J. C. Traumatic fat embolism. 4rch. Surg., 1939, 
39, 182-189. 


as an air embolus on the heart and cause 
death before it reaches the lung. 

The pathologic process which produces 
the clinical picture of fat embolism js 
brought about by the collection and lodg- 
ment of transient emboli in the capillaries, 
the symptoms produced being dependent 
on the number, the location and the dura- 
tion of the emboli. The smaller arterioles 
being obstructed by the fat globule become 
surrounded by extravasated blood, bringing 
about a focal anemia, edema or necrosis. 

Whitaker points out that while fat glob- 
ules reach practically all parts of the body, 
symptoms are usually referable to the lungs 
and the brain. As a consequence there are 
two clinical types of fat embolism, namely, 
the pulmonary and the cerebral, depending 
on the preponderance of one group of symp- 
toms over the other. 

The symptoms of traumatic fat embolism 
may develop within a few hours or days. 
With the occurrence of the pulmonary type 
of embolism, respiratory and cardiac em- 
barrassment are presenting symptoms, 
there being dyspnea, cough, cyanosis, rest- 
lessness and a feeling of constriction in the 
chest, and air hunger may develop. The 
pulse is usually rapid and may be irregular 
and the sputum becomes frothy and may 
be blood streaked. Rales are heard scattered 
over the pulmonary fields as the result of 
mild or severe pulmonary edema. There 
may be some dilatation of the right side of 
the heart and the blood pressure may be 
low. 

In the typical cases of pulmonary fat 
embolism there should and may be no dif- 
ficulty in diagnosis but in the less severe 
cases the actual condition may go unrecog- 
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nized. Therefore, every patient presenting 
chest symptoms following an accident 
should be carefully studied in the light of 
the possibility of fat emboli having oc- 
curred. 

Up to the time of the report of Scott, 
ian and Robb-Smith,? the value of roent- 
genology in the diagnosis of pulmonary fat 
emboli was not emphasized or an insuffi- 
cient number of cases had been examined 
roentgenographically to give data upon 
which a differential diagnosis might be 
made. There observers have pointed out 
that the quality of the roentgenograms 
taken by the portable roentgen unit are not 
adequate for roentgen diagnostic aid in the 
less severe cases of pulmonary fat emboli. 
The roentgenographic findings are prac- 
tically always typical of acute pulmonary 
edema and it has been emphasized that 
good roentgenograms are essential at the 
earliest possible moment and that the finest 
film detail should be obtained in order to 
make a diagnosis in the cases where there is 
minimal involvement of the lungs by fat 
emboli. With proper roentgenographic tech- 
nique it may be possible to form a clinical 
conception of the degree of fat embolism 
not severe enough to produce acute pul- 
monary edema. 

Scott, Kemp and Robb-Smith, from a 
study of one of their cases, came to the con- 
clusion that considerable quantities of fat 
may be held up in the lungs, sufficient to 
cause definite functional impairment with- 
out causing roentgenographic changes. It is 
suggested that this lack of roentgen demon- 
stration of changes might be due to an 
improper technique, particularly since so 
many of these patients are quite ill and can- 
not be moved, thus making it necessary 
that the examination be made with the 
portable bedside unit. However, with the 
capacity of the portable bedside units in 
vogue today it should be possible with 
proper care to demonstrate even minimal 
changes which occur particularly in the 


* Scott, J. C., Kemp, F.H., and Robb-Smith, A. H. T. Pul- 
monary fat-embolism; clinical and radiological observations. 
Lancet, 1942, 7, 228-230. 
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bases of the lungs where the fat emboli 
usually lodge. 

Jirka and Scuderi,’ in an effort to deter- 
mine the possibility of making a diagnosis 
of pulmonary fat embolism by roentgenog- 
raphy, experimentally investigated the 
matter by examining the chests of dogs 
after oil had been injected into the blood 
stream. From their experimental work they 
concluded that roentgenograms should be 
of definite diagnostic aid in patients suffering 
from clinical fat embolism. However, some 
criticism has been made of their experi- 
ments by Scott, Kemp and Robb-Smith, 
because of faulty technique in the position- 
ing of the animals at the time of exposure, 
and so forth. 

Scott, Kemp and Robb-Smith had access 
to the records of experiments on adult cats 
and rabbits which Barclay, Franklin and 
Prichard conducted at the Nuffield Insti- 
tute. By cineroentgenographic studies of 
the heart and lungs Barclay and his co- 
workers followed the course of globules of 
iodized oil in the pulmonary circulation and 
from a study of those films it was evident 
that the oil collects in the most dependent 
parts of the lung, and that considerable 
quantities may accumulate before there 
is any diminution in pulmonary trans- 
lucency. However, it was judged that in 
these experiments the opaque oils did not 
induce fat embolism comparable to that 
which may be observed in fracture cases. 
Moreover, the iodized oil tended to be held 
up in the larger branches of the pulmonary 
artery, whereas the fat globules derived 
from tissue trauma are much smaller and 
pass into the arterioles and capillaries. 
These experiments seemed to confirm the 
impression that considerable quantities of 
fat must be present before there are any 
appreciable roentgenographic changes, and 
this tends to confirm the clinical impres- 
sion. 

That roentgenography of the chest may 
be of some aid in the diagnosis of pul- 


3 Jirka, F. J., and Scuderi, C. S. Fat embolism; experimental 
study on the value of roentgenograms of the chest in diagnosis. 
Arch. Surg., 1936, 33, 708-713. 
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monary fat embolism is no longer a ques- 
tion. The assistance which it may give is 
dependent upon several things. For exam- 
ple, the clinician must recognize the pos- 
sibility of fat emboli and the roentgeno- 
gram must be of sufficient quality to show 
the patchy mottlings and the early signs 
of acute pulmonary edema. 
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Perhaps if careful roentgenographic stud- 
ies were made on a sufficient number of 
cases of pulmonary fat embolism, more 
satisfactory roentgen criteria might be es- 
tablished. The problem of the demonstra- 
tion of pulmonary fat embolism offers a 
fertile source for experimental roentgen in- 
vestigation. 
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Photo by Sarg-Taylor, New York 


HARRY MYRREL STEWART 
1876-1942 


R. HARRY MYRREL STEWART, 
a member of the American Roentgen 
Ray Society since 1917, died of a heart at- 
tack at his home in Johnston, Pennsylvania, 
on August 28, 1942, after an illness of three 


weeks. He was chief of radiology in the 
Memorial, Mercy and Lee Hospitals. 

Dr. Stewart was born August 5, 1876, in 
Frankstown, Pennsylvania. After attending 
the Millersville, Pennsylvania, Normal 
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School, and Valparaiso University, he 
entered Jefferson Medical College, graduat- 
ing in 190s. After practicing in Altoona and 
in Ehrenfeld, he decided to specialize in 
radiology and located in Johnstown. In 
1914 he married Miss Edna Bauers, who 
survives him, together with a daughter, 
Louise, who was her father’s technician. 
He leaves also three sisters and a brother. 
In the first World War, Dr. Stewart 
served as a Captain in the Medical Corps of 
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the Army. He was active in the Pennsyl- 
vania State Medical Society and was presi- 
dent of the Cambria County Medical 
Society in 1920. In 1918 he was president 
of the Pennsylvania Radiological Society, 
He was a diplomate of the American 
Board of Radiology, a member of the 
Radiological Society of North America, and 
a fellow of the American College of Physi- 
cians. 
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JOHN WATSON CATHCART 
1877-1942 


ix. JOHN WATSON CATHCART of 
Paso, Texas, died September 13, 
1942, of aplastic anemia. 

Dr. Cathcart was born November 28, 
1877, in Cerro Gordo County, lowa, the son 
of William and Annie C Cathcart. He at- 
tended the Mason City high school. He 
served in the Spanish-American War, after 


which he attended Northwestern Uni- 
versity Medical School, graduating | in 1903. 
He married Miss Ethel Hicks in 1go1, in 
Mason City. He served an internship in the 
Hotel Dieu in El Paso, and spent all of his 
professional life in that city. 

Dr. Cathcart was a past president of the 
E] Paso County Medical Society. He was a 
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member of the American Roentgen Ray 
Society and of the American Radium 
Society, a fellow of the American College 
of Radiology, a member of the Texas 
Radiological Society, and of the Radio- 
logical Society of North America, of which 
he was a counsellor. He is survived by Mrs. 
Cathcart and by their daughter, Mrs. John 
F. Melby of Washington, D. C.; also a 
brother, David W. Cathcart, of La Mesa, 
California. 

As early as 1903 Dr. Cathcart worked 
with the static machine, and incurred 
pathological changes on his hands, though 
they were not extensive. During the last 
few years of his life he handled practically 


Marcu, 1943 


no radium and did no roentgenoscopy, 
Tests showed that the therapy protection 
was adequate. Dr. C. H. Mason, his partner 
since 1920, states that Dr. Cathcart had 
been in poor health for a long time and 
being unable to take any exercise or spend 
much time outdoors, seemed to have a 
lowered resistance. The first warning of his 
fatal anemia was in December, 1941, follow- 
ing a severe epistaxis. From the last of 
January till his death, a period of some 
eight months, he had twenty-one trans- 
fusions. His death is mourned by a host of 
friends, patients, and colleagues. 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


Unirep OF AMERICA 


AmericaN RoeNTGEN Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
lowa City, lowa. Annual Meeting: 1943, cancelled. 

AmeRICAN COLLEGE OF RADIOLOGY 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago, 
Ill. Annual meeting: 1943, to be announced. 

SECTION ON gag! AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. J. ° Murphy, 4 21 Michigan St., Toledo, 

ARKANSAS RADIOLOGICAL SociETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

RapioLocicat Society oF NorrH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: 1943, to be announced. 

Secrion, BALrimoreE MepIcaL Sociery 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

Secrion ON RapioLoGy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. J.D. Coate, 434 Thirtieth St., Oakland, Calif. 

RapioLocicaL Secrion, Connecticut Mepicat Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Secrion ON Rapto.ocy, ILtinors MeEpIcAL Sociery 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

RapioLocicat Secrion, Los Ancetes Country MEDICAL 
ASSOCIATION 
Secretary, Dr. Donald R. Laing, 65 North Madison Ave., 
Pasadena, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

RapIoLocicaL Section, SouTHERN MEDICAL AssociaTION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooktyn RoentGen Ray Sociery 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday, October to April. 

BurraLco RapDIoLocIcaL Sociery 
Secretary, Dr. Joseph S. Gian-Franchesch:, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

CuicaGo RoENTGEN Society 
Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., 
Chicago, Ill. Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

Cincinnati RADIOLOGICAL SociETY 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RADIOLOGICAL a ry 
Secretary, Dr. J. O. Newton, 13921 Terrace Rd., East 
Cleveland. Meets at 6:30 P.M. at ¢ Midday Club on fourth 
Monday each month, October to April, inclusive. 

Denver CLus 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., De nver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 

Derrorr Roenrcen Ray ano Rapium Sociery 
Secretary, Dr. FE. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Building. 


“MEETINGS OF ROENTGEN SOCIETIES* 


FLoripa RADIOLOGICAL Sociery 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 
Georaia RADIOLoGIcAL SociETy 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 
Society or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month at a 
place designated by the president. 
Sociery 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 
INDIANA ROENTGEN Society 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meeting held the second Sunday in May 
annually. 
Kentucky RADIoLoGIcaL SocieETy 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in 
April. 
Lone Istanp RADIOLOGICAL SociETy 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 
RADIOLOGICAL SocIETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 
MICHIGAN AssOCcIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 
MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 
MunneEsora RADIOLoGIcAL SocieTy 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bldg., St. Paul. 
NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 P.m 
at either Omaha or Lincoln. 
New ENGLAND RoENTGEN Ray Society 
Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, 
Mass. Meets monthly on third’ Friday, Boston Medical 
Library. 
RapioLocicaL Society or NEw JERSEY 
Secretary, Dr. H. J. Perlberg, 921 Bergen Ave., Jersey City. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 
New York RoENTGEN Society 
Secretary, Dr. M. M. Pomeranz, 1020 Park Ave., New 
York City. Meets monthly on third Monday, New York 
Academy of Medicine, at 8:00 P.M. 
Nortu Caro.ina RoentGEeN Ray Socrety 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 
Nortu Dakora Society 
Secretary, Dr. L. A. Nash, St. Jehn’s Hospital, Fargo. 
Meetings held by announcement. ; 
Centrrat New York Roentcen Ray Sociery 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 


* 
Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Sociery 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

Paciric RoENTGEN Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. R. P. Barden, University Hospital, Meet- 
ings first Thursday of each month from October to 
May inclusive at 8:15 p.m., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

ROENTGEN Society 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 Pp.m., October 
to June, Pittsburgh Academy of Medicine. 

RocuesterR RoentGeN Ray Society, Rocuester, N. Y. 
Secretary, Dr. Sidney Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from Cctober to May, 
inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mownrain Society 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho. 

Sr. Louts Society or 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

San Francisco Sociery 
Secretary, Dr. H. A. Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at 7:45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

Soutn Caroiina X-Ray Sociery 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL Society 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas Rapio.ocicat Society 
Secretary, Dr. Herman Klapproth, Sherman, Texas. 

Universiry oF MicnicaAn Department or ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.m. at University Hospital. 

Universiry or Wisconsin RApDIoLocicat CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. ; 

VirGiniA RADIOLoGIcAL Society 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin Be., 
Richmond, Va. Meets annually in October. 

WaAsHINGTON Srare Rapio.ocicat Society 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 
Meets fourth Monday each month, College Club, Seattle. 

X-ray Srupy Cus or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
yaa Meets monthly in evening on third Thurs- 

ay. 
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CusBa 
SocieDAD DE Rapio.ocia y FisioreRApPIA DE CuBa 
President, Dr. J. Manuel Viamonte, Hospital Mercedes 
Habana, Cuba. Meets monthly in Habana. , 
British Empire 
British Instirure oF INcoRPORATED wiry 
THE RONTGEN Society 
Meets monthly on third Thursday from November to 
June inclusive, at 8:15 p.m., 32 Welbeck St., London. 
Section OF RADIOLOGY OF THE Royat Society or 
(Conrinep to Mepicat MemBeErs) 
Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine 
1, Wimpole St., London, W. 1. 
Facu.ty or RApDIoLocists 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W, 1 
England. 
Secrion oF Rapiotocy anp Mepicav E.ecrricrry, Avs- 
TRALASIAN MEDICAL ConGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 
RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British AssociaTION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 
CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 
Secrion oF Rapio.ocy, CANADIAN MEDICAL Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
Rapio.ocicat Secrion, New ZEALAND British MEpIcAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 
ConTINENTAL Europe 


SociEDAD EspANoLa DE y ELeEcTrROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

Suisse RaApioLocie (SCHWEIZERISCHE RO6nt- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SocieTATEA ROMANA DE RaADIOLoGIE st ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine, 30, 
S. I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

Att-Russian Roentcen Ray Association, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow RoentGEN Ray Sociery 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 P.M. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 
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AMERICAN RADIUM SOCIETY 


The Officers and the Executive Commit- 
tee of the American Radium Society make 
the following announcement: 

There will not be a 1943 meeting of the 
American Radium Society. The dues of the 
members in the Armed Forces are cancelled 
for the period of their military service. 
Members in the Armed Forces who wish 
to have their subscription to the AMERICAN 
JouRNAL OF ROENTGENOLOGY AND RADIUM 
THERAPY continued must send in the sub- 
scription price of $10.00 per year to the 
Treasurer, Dr. Leland R. Cowan, Medical 
Arts Building, Salt Lake City, Utah. Dur- 
ing the absence of Dr. A. N. Arneson in the 
military service, Dr. EK. H. Skinner, 1532 
Professional Building, Kansas City, Mis- 
souri, has been made Acting Secretary. 


CANCER TEACHING DAY 
A program under the title of Cancer 
Teaching Day and arranged under the 
auspices of a number of medical societies of 
Rochester and of the State of New York 
will be presented at the Academy of Medi- 
cine, Rochester, New York, on Thursday, 
April 15, 1943. The meeting will be called 
to order at 4:15 p.M., with Dr. J. Craig 
Potter as Chairman. The following papers 
will be presented: 
Opening Remarks. G. Kirby Collier, M.D., 
Rochester, N. Y. 
Care of the Advanced Cancer Patient. 
Norman Treves, M.D., New York, N. Y. 
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What May Logically Be Expected from Pre- 
and Postoperative Irradiation in Mam- 
mary Cancer. Fred W. Stewart, M.D., 
New York, N. Y. 


Dinner will be served at 6:30 p.m. at the 
Academy of Medicine. Reservations are re- 
quired in advance. It is requested that 
those planning to attend cooperate with the 
committee by sending their reservations to 
Dr. J. Craig Potter, Academy of Medicine, 
1441 East Avenue, Rochester, N. Y. 

The program will be resumed in the 
evening at 8 p.m., with Dr. Leo F. Simpson 
as Chairman, and the following papers will 
be presented: 


Opening Remarks. John Aikman, M.D., 
Rochester, N.Y. 

Rdle of the Endocrines in Neoplastic Disease. 
Cornelius P. Rhoads, M.D., New York, 
N. Y. 

Diagnosis and Treatment of Prostatic Can- 
cer. Charles B. Huggins, M.D., Chicago, 
Ill. 


AMERICAN BOARD OF RADIOLOGY 


The next examination of the American 
Board of Radiology will be conduc “ed on 
June 3, 4 and 5, 1943, at the Palmer House 
in Chicago. 

This examination precedes the Teachers’ 
Conference of Radiology and the annual 
meeting of the American College of Radiol- 
ogy for members, Fellows and guests, to be 
held on Sunday, June 6 at the Palmer 
House. 
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DEPARTMENT OF TECHNIQUE 
Department Editor: Rosert B. Tarr, M.D., B.S., M.A., 103 Rutledge Ave.. 


Charieston, S. C. 


ROENTGENOGRAPHY OF THE EXTERNAL EAR 


By MAJOR ARTHUR W. FUCHS, Sanitary Corps 
Army Medical School 


WASHINGTON, D. C. 


LASTIC surgeons are frequently con- 

fronted with the problem of reformation 
or plastic repair of the external ear in cases 
of military or non-military mutilation, con- 
genital malformation or abnormal projec- 
tion. Surgical correction can be facilitated 
in some measure by information provided 
by the roentgenologist for the roentgeno- 
gram can depict the form and character of 
many traumatic and pathological altera- 
tions. The size and form of the concha and 
the character of its cartilages can be visual- 


Fic. 1. 7, helix; 2, fossa triangularis; ?, crus antiheli- 
cis superior; 4, scapha; 5, crus antihelicis inferior; 
6, cymba conchae; 7, tuberculum auriculare; 8, 
crus helicis; 9, tragus; 70,cavum conchae; //, anti- 
helix; 72, incisura intertragica; 7}, antitragus; /4, 
lobule; 75, external acoustic meatus. 


ized as well as incipient or advanced cal- 
cification caused by systemic, circulatory or 
senile changes, malnutrition or frostbite. 
Since the surgeon is interested in the prog- 
ress made by the patient after restorative 
work is completed, follow-up roentgeno- 
grams can be distinctly of service. 

The anatomy of the external ear in addi- 
tion to a useful roentgenographic technique 
for recording the auricle is herein de- 
scribed. 

ANATOMY 


The external ear (Fig. 1) is a shell-shaped 
organ known as the auricle (auricula) which 
is attached to and projects from the lateral 
aspect of the head. In the most depressed 
portion is located the external acoustic 
meatus (15) which forms the entrance to 
the canal leading to the tympanic mem- 
brane. 

The auricle presents lateral and medial 
aspects and forms an angle of approxi- 
mately 30 degrees with the side of the head. 
The lateral surface is irregularly concave 
and exhibits several prominent elevations 
and depressions. The medial aspect is some- 
what irregular and the elevations on its 
surface correspond to the depressions in the 
lateral aspect. The deepest depression 1s 
divided by a transverse ridge (crus helicis) 
(8) into an upper (cymba conchae) (6) and 
a lower portion (cavum conchae) (7/0). An- 
teriorly, the crus helicis is continuous with 
the auricular border (Ae/ix) (7) which 1s 
incurved and forms the outer limit of the 
auricle. In the upper portion of the de- 
scending helix, a small tubercle (taderculum 
auriculare) (7) occurs. Anteriorly to the 
descending helix is a second elevation (anti- 
helix) (77) which is single below but divides 
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superiorly into a superior (crus antihelicis 
superior) (3) and an inferior ridge (crus 
antihelicis inferior) (5) between which is a 
triangular depression (fossa triangularis) 
(2). The scapha (4) is an elongated depres- 
sion between the helix and the antihelix. 

The concavity of the concha is over- 
lapped anteriorly by the ¢ragus (9) and 
posteriorly by the antitragus (73); the 
notch between these processes is the inct- 
cisura intertragica (72). The lobule (74) is 
situated below the incisura intertragica and 
is the most dependent part of the auricle. 

The auricle varies in size and shape, 
usually being smaller and more finely 
modeled in the female than in the male. It 
consists largely of two layers of thin skin 
and an intricately shaped lamella of yel- 
low fibrocartilage which gives form to the 
ear; the lobule is composed essentially of 
fat and connective tissue. The cartilage of 
the auricle is attached to the temporal bone 
by an anterior and a posterior ligament and 
a series of extrinsic and intrinsic muscles. 

Prominent ears are fairly common and 
usually are caused by incomplete’ develop- 
ment of the antihelix. The condition is 
generally bilateral but it occasionally 
occurs on one side only. Ears may be of 
different sizes and not on the same level. 
Congenital absence occurs about 1 in 
20,000. 
TECHNIQUE 

The location of the external ear makes it 
dificult to roentgenograph when employing 
a cassette or exposure holder. However, the 
occlusal film in its packet because of its 
size (24 by 3 in.) and shape offers a most 
convenient vehicle for recording easily the 
image of the external ear. 

In roentgenography of the external ear 
the patient lies supine on the table with the 
head on a pillow and the median plane is 
vertical. The ear is gently bent forward and 
placed on an occlusal film packet which is 
supported by a small sandbag so that the 
plane of the film is horizontal. The medial 
edge of the packet is butted to the lateral 
aspect of the head. The central ray is pro- 
jected perpendicularly through the center of 
the ear and tangentially to the lateral 
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aspect of the head (Fig. 2 and 3). ; 

Views of both ears may be made with 
one exposure by arranging an occlusal film 
under each ear. The central ray is then 
projected in the intersection of a transverse 
plane passing through the centers of both 
ears, and the median plane (Fig. 4 and 5). 
A small amount of the soft tissues of the 
lateral aspect of the head is projected and 
superimposed on the medial aspects of the 
ears but the quantity is not sufficient to 
interfere with interpretation. The tech- 
nique most suitable for roentgenography of 
the ear is described briefly and more com- 
pletely as follows: 


Region. External ear. 

Projection. Anterolateral. 

Localization Point. Center of ear. 

Film Placement. Long axis of horizontally 
aligned film packet ( (2} by 3 
in.) coincident with long axis 
of ear; film packet placed 
posterior to projecting ear 
and supported by small sand- 
bag so that plane of packet is 
horizontal; medial edge of 
packet butted against lateral 
aspect of head; center of ear 
over approximate center of 
packet (Fig. 2 to 5). 

Posture. Patient supine; head on pil- 
low; chin depressed and ear 
gently bent forward so that 
long axis is horizontal and 
placed on supported film 
packet (Fig. 2 to 5). 

Projection Central Ray. The central ray is projected 
perpendicularly to plane of 
film (1) for one ear, through 
center of auricle and tan- 
gential to lateral aspect of 
head—3 in. cone is used (Fig. 
2 and 3); (2) for both ears, in 
intersection of a transverse 
plane passing through the 
centers of both ears, and the 
median plane—4 in. cone is 
used (Fig. 4 and 5). 


Roentgenogram. Shows cartilages and soft tis- 
sues of the external ear (Fig. 
6). 

Technical Factors. 

Kv. (peak) (optimum) 40 Focal spot Small 

Ma. 5 Cones 3. in. and 4 

in. 
Anode-film distance —_30 in. Filter 0.5 mm. Al 


Film Occlusal, super-speed 
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In those cases where it is impossible to 
bend the ear due to lack of flexibility or to 
injury, the film packet is placed between 
the ear and the head with the patient in the 
lateral recumbent position. In this instance 
the central ray is directed at the external 
acoustic meatus. 

The occlusal film packets are 
with white paper that are pebbled on the 
tube side. They are obtainable in two 
speeds—super-speed and regular. The for- 
mer type is double coated and requires only 
one-eighth the exposure necessary for the 
regular film which is single coated. 

The references appended represent a 
fairly comprehensive survey of the litera- 
ture from a roentgenographic standpoint. 
An excellent bibliography is given with the 
paper by Higbee.” 
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ABSTRACTS OF 


ROENTGEN AND 


RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 
SKELETAL SYSTEM 


NaTHANSON, Louis, and Cowen, Wittiam. A 
statistical and roentgen analysis of two 
hundred cases of bone and joint tuberculosis. 
Radiology, May, 1941, 36, 550-567. 


Two hundred cases of bone and joint tubercu- 
losis from the Sea View Hospital, Staten Island, 
New York, are analyzed. One hundred of them 
were children up to sixteen years of age and the 
other hundred were adults from sixteen to sev- 
enty years of age. Tables are given showing the 
distribution of cases according to sex, age and 
race, the comparative distribution of the lesions 
in the children’s and adult groups, the distribu- 
tion of multiple lesions and the complicating 
conditions. 

The most frequent site of the tuberculosis was 
in the spine. In the adult group there was a 
definite preponderance of tuberculosis in 
weight-bearing areas while this was less marked 
in the younger group. This is probably due to 
the influence of trauma and physical exertion in 
adults and to early post-primary hematogenous 
dissemination in the children’s group. All the 
cases of tuberculosis of the long bones were in 
children. Involvement of more than one bone 
was common. 

These bone lesions were frequently compli- 
cated by pulmonary tuberculosis, pleural ef- 
fusion and amyloidosis. 

On roentgen examination paravertebral ab- 
scess can frequently be demonstrated. It may be 
the only roentgen sign of the disease. It may be 
seen best on the lateral roentgenogram. Involve- 
ment of separate areas of the spinal column, or 
skipped infection, is not infrequent. But often 
on autopsy the intervening segments were 
found involved alse. Any part of the body of the 
vertebra may be involved. Marginal localiza- 
tion of the tuberculosis is more frequent in 
adults than in children. The proximity of these 
lesions to the periosteum probably causes the 
pain so frequently seen in adults. In children 
the center of the vertebra is more frequently 
involved; the center of the body may give way, 
resulting in gibbus formation. ; 

Tuberculosis of the shaft of long bones in 


children may simulate diffuse, chronic, non- 
specific osteomyelitis or a punched out cystic 
type of lesion. The shaft is frequently involved 
secondary to joint tuberculosis. 

Though tuberculosis of bone is commonly 
thought to be purely destructive considerable 
productive bone reaction was seen in these 
cases. The productive periostitis is nearly always 
parallel to the shaft. Tuberculosis of the shaft 
of the short bones of the hands and feet is fre- 
quent in children and rare in adults. Flat bones 
are rarely affected by tuberculosis. Punched-out 
lesions were so frequently seen in the shaft of 
long bones immediately adjacent to tubercu- 
losis of the joints that this sign is considered 
valuable in diagnosis. Bilateral symmetrical 
lesions were seen and indicate that the involve- 
ment is hematogenous. 

Bone and joint tuberculosis are so similar to 
many other bone lesions that diagnosis cannot 
be made from the roentgenogram alone but the 
clinical facts must be studied carefully.— 
Audrey G. Morgan. 


Knurtsson, Uber die Réntgenologie des 
Femoropatellargelenks sowie eine gute Pro- 
jektion fiir das Kniegelenk. (The roentgenol- 
ogy of the femoropatellar joint and a good 
projection for the knee joint.) Acta radiol., 
1941, 22, 371-376. 

A complete examination of the knee joint re- 
quires an axial as well as a frontal and lateral 
projection. Heretofore the axial projection has 
generally been taken with the knee flexed at a 
right angle which does not make it possible to 
judge the thickness of the cartilage or the con- 
dition of the patellar surface of the femur. 

The author describes and illustrates a new 
position for the axial projection. The patient 
lies on his back on the table with a pillow under 
the knee which brings about a flexion of 130° 
150°. The patella lies in its groove on the patel- 
lar surface of the femur and it is possible to 
study various degrees of lateral subluxation of 
the patella and to see every detail of any 
changes caused by arthritis deformans. Such 
changes when localized only in the knee joint 
may be caused by varying degrees of dysplasia 
of the femoropatellar joint.—Audrey G. Morgan. 
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Mensor, Merritt C., and MELopy, GEorGE 
F. Osteochondritis dissecans of the ankle 
joint; use of tomography as diagnostic aid. 
Bone & Foint Surg., 1941, 23, 923-909. 

In the literature at their disposal, the authors 
found only 17 cases of osteochondritis of the 
ankle joint, and to their knowledge there are 
reports of but 2 other established cases, the 
published accounts of which were not accessible 
to them. They report an additional case which 
is reported mainly because of two factors: first, 
it is another established instance of osteo- 
chondritis of the ankle joint; second, it illus- 
trates the value of tomography in the roent- 
genographic diagnosis of lesions of the osseous 
system, and emphasizes its importance in the 
accurate localization of bone defects requiring 
operative intervention. By this means it is pos- 
sible to plan preoperatively the most direct ap- 
proach whereby the lesion can be reached with 
a minimum of trauma to the surrounding struc- 
tures. 

The patient was a male, aged thirty-four, and 
was first seen eight months after he had sus- 
tained an injury to the right ankle joint, result- 
ing from a fall from a platform, 8 feet high. By 
means of the tomograph, the osteochondritic 
process was localized on the superior articular 
surface of the talus. 

Chronic pain or discomfort in the ankle— 
following a sprain, dislocation or fracture— 
which persists despite ordinary conservative 
treatment should suggest the possibility of 
osteochondritis dissecans tali. A history of re- 
current instability of the ankle joint should 
arouse suspicion relative to the possibility of a 
loose fragment or “‘joint mouse.”” Mensor and 
Melody regard arthrotomy as the treatment of 
choice, with removal of the fragment or frag- 
ments, but without immobilization. This should 
be followed by rehabilitation therapy in the 
form of diathermy, massage, and graded exer- 
cises, which are important adjuncts in the ac- 
complishment of prompt postoperative recovery 
of normal function and complete rehabilitation. 
Prognosis is excellent in patients receiving early 
diagnosis and appropriate treatment. Such 
treatment is also a prophylaxis against the de- 
velopment of chronic hypertrophic synovitis 
and traumatic arthritis.—R. S. Bromer. 


Licut, Erik pe Fine. On bipartite os navicu- 
lare pedis. Acta radiol., 1941, 22, 377-382. 


The author describes the first 4 cases of bi- 
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partite navicular bone of the foot that have 
been recorded in Denmark. They are illustrated 
with roentgenograms. In all of these cases there 
was more or less arthritis of the joints involved, 
This has not been true in the cases previously 
published but they were all in young subjects, 
while the author’s youngest patient was forty- 
six years of age when first examined. In 2 of the 
cases the condition was bilateral. In 1 of the 
cases the patient had been examined nine years 
before and the new roentgenograms showed con- 
siderable progress in the arthritis. In 1 of the 
cases the appearance was typical on one side, 
while on the other it was not completely de- 
veloped. 

Differential diagnosis from tabes and fracture 
must be considered. The author believes that 
this is a congenital malformation. The treat- 
ment must be orthopedic.—Audrey G. Morgan. 


Sanrorp, Haw ey, and Dous, Howarp P, 
Epidurography. Radiology, June, 1941, 36, 
712-716. 


Epidurography is presented as a new method 
of demonstrating protrusion of the interverte- 
bral discs. The air is injected into the epidural 
space instead of the subarachnoid space. It is 
the logical method as the disc protrudes directly 
into the epidural space. The space is closed at 
the top at the foramen magnum and no air 
passes into the skull. Therefore the patient can 
be seen for further diagnostic studies the same 
day. This also prevents the headache and dis- 
comfort caused by air myelography. The tech- 
nique of the method is described and illustrated 
and epidurograms given of a normal spine and 
one with a protrusion of a disc. In a study of 77 
cases it was found that roentgenographic diag- 
nosis could be made by epidurography alone 
without subsequent use of lipiodol in §5 per 
cent of the cases and with the air myelogram in 
only 35 per cent.—Audrey G. Morgan. 


Bunts, A. T. Surgical aspects of ruptured inter- 
vertebral disc; with particular reference to 
thorotrast myelography. Radiology, May, 
1941, 76, 604-616. 


Patients who complain of lumbago, recurrent 
sciatica, lumbosacral strain or sacroiliac ar- 
thritis frequently have a ruptured intervertebral 
disc. These may be demonstrated by contrast 
myelograms. The author prefers thorotrast to 
lipiodol as a contrast medium, as it is less 
viscous and fills the sheaths of the spinal nerves 
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more completely. For the same reason it can be 
removed almost completely from the subarach- 
noid space by forced drainage and the small 
amount left gives off much less than the mini- 
mal toxic levels of radiation. When ruptured 
intervertebral disc is demonstrated it must be 
removed surgically. Sometimes this requires 
only partial removal of bone from one side of 
the laminae, sometimes removal of the entire 
laminae of two vertebrae; occasionally it can be 
removed without any bone destruction. The 
nerve root should be free of pressure when the 
operation is completed. 

Twelve cases are described and illustrated 
with myelograms. The conditions found at 
operation are compared with the myelographic 
picture. In 2 cases the history and physical 
examination suggested tumor of the cauda 
equina. 

The roentgenologist should be present in the 
operating room to learn the exact anatomical 
picture presented and be able to compare it 
with his myelographic findings. 

In the discussion Dr. Camp said that he be- 
lieved that thorotrast was satisfactory if there 
was no question of a tumor higher up in the 
spinal canal. Thorotrast as used by Dr. Bunts 
shows only the lower three segments of the 
lumbar canal. It is possible for patients with 
tumor in the cervical and thoracic parts of the 
spinal canal to have low back pain; this occurs 
in about 30 per cent of patients with tumors in 
the cervical canal and about $0 per cent of those 
with tumors in the thoracic canal. Thorotrast is 
also an intense irritant to the subcutaneous 
tissues. The lateral and prone oblique positions 
should be used in order not to miss a central 
type of protrusion. 

Dr. Bunts replied that in cases in which they 
suspected tumor they had been injecting lipio- 
dol into the cistern and allowing it to flow down 
the canal, while in cases in which herniation of 
a disc was suspected they had been using thoro- 
trast.—dudrey G. Morgan. 


ScaLirzer, Max. Roentgenographic diagnosis 
of vertebral syphilis. Radiology, July, 1941, 
37) 75-78. 

Three cases of vertebral syphilis are described 
in all of which there was intense pain and in all 
the destructive lesions were localized in the 
cervical spinal column, being found in 2 of the 
cases in the upper and middle cervical vertebrae. 
Though there had been extensive destruction of 
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the bodies of one or more of the vertebrae there 
was no collapse, because of marked sclerosis 
and hyperostosis. There was no wedging of the 
bodies of the vertebrae and no changes in the 
intervertebral discs. The destruction was 
chiefly in the ventral part of the bodies of the 
vertebrae, the borders of which were irregularly 
indented. This is caused by penetration of the 
syphilitic granulation tissue into the bone, 
forming rough cavities with indented borders. 
This form of destructive syphilitic spondylitis 
can be readily differentiated in the roentgeno- 
gram from other forms of bone disease, though 
spondylitis syphilitica simplex cannot. 

It differs from tuberculosis in the fact that 
osteosclerosis predominates, while in tubercu- 
losis decalcified areas appear at an early stage. 
The bodies of the vertebrae collapse early in 
tuberculosis and wedge formation occurs. The 
intervertebral discs are frequently destroyed in 
tuberculosis. Cold abscesses are found in tuber- 
culosis while there are no abscesses in this form 
of syphilis. In osteomyelitis there is decalcifica- 
tion, wedge formation and abscess. Lympho- 
granulomatosis also shows decalcification, with 
osteosclerosis only in the healing stage. Osteo- 
plastic tumor metastases extend over larger 
parts of the spinal column; the bodies of the 
vertebrae break down. 

The diagnosis is confirmed by the results of 
antisyphilitic treatment. The importance of 
early roentgen diagnosis is shown by the first 
case described above. This patient had wandered 
from doctor to doctor for twenty years without 
relief from the intense pain. He recovered 
promptly on antisyphilitic treatment.—Audrey 
G. Morgan. 


GuHorMLEY, Ratpu K., and Apson, ALFRED W. 
Hemangioma of vertebrae. ¥. Bone & Foint 
Surg., Oct., 1941, 27, 887-895. 


Ghormley and Adson state that evidence 
points toward vertebral hemangioma as a defi- 
nitely recognizable condition which often does 
not produce symptoms. However, the symptoms 
of some patients, particularly the younger ones, 
may be marked, even to development of com- 
plete paraplegia. In such cases laminectomy 
with decompression, followed by roentgen 
therapy, offers the best possibility of relief. In 
patients in whom paraplegia is not present but 
in whom there is evidence of compression of the 
spinal cord or local symptoms, roentgen therapy 
is the treatment of choice. Supportive corsets 
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or braces should be used whenever they are 
indicated, for instance with patients who have 
the static type of pain or sufficient involvement 
of the vertebra by the hemangioma to cause a 
pathological compression fracture. This latter 
complication is rarely noted, however. 

Roentgenographic studies of the involved 
portion of the spinal column usually reveal 
pathognomonic evidence of the disease. Studies 
in the earlier phase will reveal areas of hyper- 
trophy of the pedicle and lamina, enlargement 
of the intertrabecular spaces, and absorption 
of trabeculae in the body, with thickening of 
other trabeculae, thus giving the appearance 
of channels situated between or interwoven 
among the trabeculae. In the more advanced 
stages of the disease, a ballooning process takes 
place, the body of the vertebra is flattened and 
the walls have a tendency to bulge. This process 
accounts for the narrowing of the spinal canal. 
In a few instances, a pathological fracture has 
occurred, with accounts for the kyphosis or 
scoliosis. 

Roentgen treatment consisted in irradiation 
of the affected vertebra through four posterior 
portals. Each field received a dose of approxi- 
mately soo r. The factors used were as follows: 
135 kv., at a distance of 16 in. (40.6 cm.), 
5 ma., and 6 mm. of aluminum filtration. This 
dose was repeated at intervals of four to six 
weeks for three to four treatments and there- 
after once or twice a year over a period of four 
years. The number of treatments depended on 
the findings on clinical and roentgenographic 
examination.—R. S. Bromer. 


Krause, Georce R., and Lancsam, CHARLES 
L. Fractures of the vertebrae following metra- 
zol therapy. Radiology, June, 1941, 36, 725- 
730- 


The authors studied a group of 75 patients 
treated with metrazol in the Neuropsychiatric 
Division of the Cleveland City Hospital. Thirty- 
two of them, or 42.6 per cent, suffered fracture 
of one or more vertebrae, an average of more 
than two per patient as there were 70 fractures 
in all. The fractures were seen most frequently 
in the mid-thoracic spine, indicating that the 
injury is caused by the flexion that occurs dur- 
ing the convulsion. 

This is so high a percentage of injury that it 
makes metrazol an unsafe drug; moreover the 
efficacy of the drug has not yet been proved be- 
yond question and it should only be used in 
selected cases. Of the 7 patients in this group 
who had osteoporosis § sustained fractures. 
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Therefore osteoporosis should be ruled out by 
roentgen examination before metrazol treat- 
ment is given. Routine roentgenograms should 
be made before and after metrazol therapy. It 
is possible that some such drug as curare, which 
acts on the muscle-nerve end plate might pre- 
vent some of these fractures.—Audrey G. 
Morgan. 


Banks, Sam W. Aseptic necrosis of the femoral 
head following traumatic dislocation of the 
hip. ¥. Bone S Foint Surg., Oct., 1941, 23, 
753-781. 


Banks collected 42 cases of aseptic necrosis 
of the femoral head after traumatic dislocation 
of the hip, and to these, reported in the litera- 
ture, he adds 9 cases. The recovery of a normal 
range of mot?» and freedom after reduction of 
a traumatic dis «cation of the hip and a short 
period of cast or traction immobilization, is 
generally accepted as evidence of complete re- 
covery. In such instances, the patient is then 
permitted to bear full weight on the limb and to 
return to his occupation with the understanding 
that he is cured. This encouraging prognosis is 
not a safe one, for many of these individuals ex- 
perience a recurrence of pain and progressive 
disability of the hip after months or, excep- 
tionally, years of normal activity and un- 
changed roentgenograms. This reappearance 
of symptoms after an early period of apparent 
recovery is now known to be due to aseptic nec- 
rosis of the head of the femur, which had re- 
sulted from a disruption of a major portion of 
its blood supply at the time of the dislocation. 

The blood supply of the head of the femur in 
the adult is derived from the nutrient branches 
of the anterior and posterior circumflex arteries 
which enter the epiphysis after passing through 
the capsule on the neck, and from the arteries of 
the round ligament. Banks states that further 
observations and especially pathological studies 
are necessary to prove which of these two 
sources of supply when injured are the cause of 
the avascularity of the head. 

The histopathological alterations in the head, 
when it undergoes avascular necrosis and re- 
placement following dislocation of the hip, ap- 
pear to be similar to those seen, and confirmed 
by pathological examination, in necrotic heads 
after fractures of the neck of the femur followed 
by bony union. Ordinarily, three to four months 
are required for sufficient atrophy to occur be- 
fore contrast between living and dead bone is 
distinguishable in roentgenograms. Marked dis- 
use atrophy of the adjacent living bone of the 
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shaft and pelvis usually occurs following the 
injury and immobilization. Since the necrotic 
head without its blood supply cannot partici- 
pate in the decalcification, it will retain its 
original density and cast a shadow of greater in- 
tensity in the roentgenograms than will the 
surrounding living bone. This becomes apparent 
after three or four months and, succeeding this, 
late evidence of necrosis may develop as shown 
in the roentgenograms in the form of progressive 
replacement of avascular dense bone by less 
dense, irregular, living bone, alterations in the 
shape of the head following collapse or fragmen- 
tation, or signs of a deforming arthritis. 

Banks emphasizes the importance of early 
diagnosis in order that the devitalized head may 
be adequately protected from weight-bearing 
during its revascularization and replacement by 
new bone. He recommends that whenever pos- 
sible the extremity be protected from weight- 
bearing by means of crutches for four to six 
months after the post-reduction period of im- 
mobilization or recumbency. If the femoral head 
undergoes uniform atrophy of disuse and no 
density difference develops between it and the 
then osteoporotic living bone of the shaft and 
ilium as shown by roentgenograms, the patient 
may resume full weight-bearing with the likeli- 
hood that the head has remained alive, although 
the roentgenographic follow-up should con- 
tinue for an additional twelve months. How- 
ever, if the head is shown to be necrotic, early 
protection can be provided and continued until 
serial roentgenograms show final revasculariza- 
tion and replacement by new bone. 

On the other hand, if the patient insists on 
walking six weeks after the dislocation without 
the aid of crutches, roentgenographic examina- 
tion of the hip must be obtained at intervals 
over a period of at least two years, although the 
extremity may appear clinically intact. When 
the diagnosis becomes available before much 
damage to the head has occurred, weight-bear- 
ing should be prevented until replacement has 
been completed. If, however, the hip is already 
the site of a marked deforming arthritis which 
precludes the possibility of a satisfactory out- 
come, an arthrodesis appears to be indicated. 
R. 8S. Bromer. 


ROENTGEN AND RADIUM THERAPY 
Goin, Lowett S., Crossan, Joun W., and 
Josern, Low-voltage contact roent- 
gen therapy (Chaoul therapy). Radiology, 
May, 1941, 36, 583-587. 
There is considerable evidence to support the 
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theory that the biological effect of irradiation 
is not dependent on wave length. Based on this 
assumption Chaoul and Adam experimented 
with methods of using low-voltage irradiation 
under conditions that would give the same effect 
as radium irradiation. The necessary conditions 
for this are a short distance between the surface 
and the source of radiation with a consequent 
absorption of a large amount of energy in the 
first few centimeters of tissue. 

The authors describe and illustrate the 
Philips Metalix Contact Therapy unit which ful- 
fills these conditions. It operates with 50 kv. 
potential and 2 ma. current. The depth dose 
tables and figures for backscatter which are 
given show that the combination of short anode- 
surface distance and soft radiation makes it 
possible to closely approximate the ideal of 
maximum damage to tumor cells and minimum 
injury to normal tissues. The anode-surface 
distance is only 22 mm. which may be increased 
to 42 mm. by the use of a localizing cylinder 
with a cuff. By means of the localizing cylinders 
the tube can be fitted directly over a superficial 
lesion to be treated. In some cases the authors 
have given a dose of as much as 30,000 r to an 
area of 6 sq. cm. given in fractions of 2,500 r on 
alternate days. The reactions are earlier and 
less painful than those of the usual treatment. 

The ease of application, the short treatment 
time and the comparatively mild reaction make 
this an ideal treatment for cancer of the skin or 
in body cavities that are accessible or can be 
rendered so by surgery. It is not adapted of 
course to the treatment of deep lesions.— 
Audrey G. Morgan. 


Goin, Lowe tt S., and Horrman, Eucene F. 
The use of intravesical low-voltage contact 
roentgen irradiation in cancer of the bladder. 
Radiology, Nov., 1941, 37, 545-549. 


There is a group of bladder tumors involving 
the trigone, one or both ureteral orifices and the 
neck of the bladder in which the only possible 
treatment heretofore has been total cystectomy. 
The authors previously described a method in 
which they marsupialized the bladder and gave 
a series of treatments with a roentgen tube in- 
troduced into the bladder and in contact with 
the lesion. They now prefer cystotomy repeated 
two or three times. This reduces the necessary 
hospitalization to two to feur weeks as com- 
pared with six or seven with marsupialization. 
Complete visual control of the application of 
the roentgen tube is possible and only two or 
three anesthesias are required instead of ten to 
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fifteen. The amount of radiation given each 
time is increased but the total amount is de- 
creased. 

Under spinal anesthesia the patient is cathe- 
terized and the bladder opened. The roentgen 
tube, covered with a sterile piece of stockinet 
and a thin sterile rubber sheath, is inserted 
into the wound and its end brought in contact 
with the tumor. Half the dose is given and the 
tube removed and the field inspected to see 
that the rays are being directed properly. Then 
the tube is reinserted and the rest of the treat- 
ment given. The usual dose is 7,668 r, 1,278 r 
per minute, 50 kv. constant potential, 2 ma., 
anode-surface distance 2.5 cm., half-value layer, 
1.0 mm. aluminum. The wound is closed with a 
catheter left in place. Seven to ten days later 
the second treatment is given and if necessary 
as shown by the findings a third is given seven 
to ten days after that. For the first three months 
after operation the bladder is irrigated with 
potassium permanganate, a urinary antiseptic 
given and the urine acidified to prevent en- 
crustation of the sloughing area. Cystoscopic 
inspection should be made every three months 
for a year and every six months after that for 
four or five years. 

There has been no surgical mortality in the 
authors’ cases and in the series of 13 cases which 
is reported in the form of a table cystoscopy has 
shown in all but one total disappearance of the 
tumor from six to eighteen months after treat- 
ment. In one case the malignant growth per- 
sists. 

In reply to a question as to the type of tumor 
in which this method is indicated Dr. Goin re- 
plied that it should be limited to tumors of the 
trigone not more than 3 cm. in diameter. Nor 
should it be too small, for very small tumors of 
low grade malignancy can be treated through 
the urethra which is easier and safer and less 
expensive for the patient.—4udrey G. Morgan. 


PenperGrass, P., and Hopes, Puitip 
J. Further experiences with Chaoul therapy. 
Radiology, Nov., 1941, 37, 550-559. 


In 1937 the authors described 80 cases treated 
with short distance, low voltage roentgen 
therapy, using a Chaoul unit. Since then they 
have treated a much larger number of cases. 
The Chaoul unit is very flexible and particu- 
larly adapted for treating small tumors about 
the eyes and nose. Large amounts of radiation 
can be given to small volumes of tissue. The 
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lesion must be accessible. Because of the rapid 
decrease in depth dose by this methed it should 
not be used for lesions more than 1.5 to 2 cm, 
in thickness. Nor should the lesions be too large. 
For large lesions multiple portals must be used 
which involves the danger of over-irradiating 
some areas and under-irradiating others. For 
such lesions it is probably best to use inter- 
mediate voltages and short target-skin dis- 
tances. Cartilage does not seem to tolerate this 
form of treatment well. 

From February, 1936, to September, 1940, 
the authors have used this method in the treat- 
ment of 228 malignant tumors, 106 benign 
tumors and 207 inflammatory conditions. They 
discuss details of technique in different condi- 
tions, illustrating them with actual cases 
treated. They advocate basing the total dosage 
on the reaction of the tissues to the irradiation. 
This avoids under-dosage of the more resistant 
parts of the tumor and minimizes the danger of 
later indolent ulcerations... dudrey G. Morgan. 


Kap an, Ira I. Irradiation of brain tumors at 
Bellevue Hospital 1924-1929. Radiology, 
May, 1941, 36, 588-595. 


This article is based on a series of 154 brain 
tumors treated by irradiation at Bellevue Hos- 
pital. Excluding pituitary tumors there was a 
total of 115 cases, 10 of which were of the cere- 
bellum. 

Irradiation is of undoubted value in the treat- 
ment of tumors of the brain. It is very effective 
in gliomas and may be used effectively even in 
slow-growing tumors. Formerly too small doses 
were used for fear of damaging normal tissue 
but it has been found that if properly given very 
large doses can be used as the tissue of brain 
tumors is much more radiosensitive than nor- 
mal brain tissue. 

As a rule, treatment is given with high-volt- 
age roentgen rays or the radium pack. Generally 
irradiation should follow surgical exploration to 
determine the nature of the tumor, and decom- 
pression, because irradiation tends to cause 
hyperemia and edema. Skill and experience is 
required in the radiotherapy of brain tumors for 
there is danger of coma and even death if treat- 
ment is not properly given. 

Roentgen treatment is generally given with 
200 kv., a filter of 0.6 mm. copper and i mm. 
aluminum at a distance of 40 to so cm. with 
four to eight fields. Treatment is given daily in 
doses of 100 to 300 r to one or more fields; the 
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total dose is 1,000 to 1,500 r to each field in each 
series. In some cases a total dose of 42,000 r 
was given over a period of months. For radium 
therapy the § gram radium pack was used, 
delivering 5,000 mlligram-hours of irradiation 
at 6 cm. distance, filtered through 2 cm. plati- 
num. From four to eight fields may be used, 
each being given a dose of 10,000 to 50,000 
milligram-hours over a period of several days or 
weeks. 

Irradiation is effective in the treatment of 
pituitary tumors and hyperplasia of the pitui- 
tary. The author believes that with the use of 
large doses tumors that have been considered 
radioresistant will be brought into the radio- 
sensitive class. Illustrative cases of glioma and 
pituitary tumor that were treated successfully 
are described. 

In the discussion the fact was brought out 
that not more than 6,000 r should be ad- 
ministered to brain tissue in any one series of 
treatments.— dudrey G. Morgan. 


Manpevitie, F. B., Russert, D. A., and 
Fartey, Maupe S. "Roentgen therapy of 100 
consecutive tumors of the brain or spinal 
cord. Radiology, Nov., 1941, 37, 560-568. 


The authors discuss 100 cases of tumors of the 
brain or spinal cord in which they have given 
radiation therapy after surgical treatment con- 
sisting of decompression and partial extirpation. 
They have used a 200 kv. apparatus with a half- 
value layer of 0.8 to 2.0 mm. copper, an effective 
wave length of 0.16 to 0.12 Angstréms, 50 cm. 
target-skin distance, and large total daily doses 
of 400 to 800 r, measured in air. Four portals 
10 cm. in diameter to the skull or two posterior 
oblique portals to the spine have been usual. 
Total doses in air to each portal have been from 
JOO to 1,200 r; occasionally 1,800 r has been 
given with smaller portals in pituitary cases and 
in spinal tumors with narrow aelds. 

The cycle has often been given in five days. 
They prefer to protract it to several weeks but 
the patients often refuse to cooperate. There 
are so many other factors in irradiation besides 
the total quantity, such as quality, spacing, 
portals, etc., that it is a mistake to consider 
dosage in terms of total quantity alone. 

In this series of 100 cases, 34 of the patients 
have died, 16 have not been traced and ¢§0 are 
still living. Only 7 of the patients cooperated 
completely and were given the treatment just as 
planned. All of these 7 are alive. The records 
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show improvement or prolongation of life in all 
cases in which there was even partial coopera- 
tion.— Audrey G. Morgan. 


Roserts, Fr. Breast cancer; a study of the 
train of events which may follow radical re- 
moval and post-operative x-ray therapy. 
Brit. F. Radiol., Aug., 1941, 74, 269-274. 


Based on a careful study of 143 cases of his 
own the author concludes that some changes 
should be made in the usual routine treatment 
of cancer of the breast. In the first place he 
emphasizes the fact that this, like all cancer, 
does not long remain localized and it is the 
tendency to generalized dissemination that is 
the greatest problem in treatment. Recurrence 
is most frequent in the breast region, neck and 
skeleton and there is practically no recurrence 
in the axilla. Surgical removal of the axillary 
glands is complete and there are no glands in 
which the tumor can recur. Therefore irradia- 
tion of the axilla is superfluous, but the breast 
region and neck should be irradiated even more 
intensively than they have been. In the breast 
region low voltage should be used rather than 
high voltage because of the thinness of the 
chest wall and the possibility of injuring the 
lung. Because of the frequency of bone metas- 
tases the lower part of the spine and the pelvis 
should be given prophylactic irradiation. 

Isolated recurrence is a sign of generalization 
and there is little use of treating the individual 
nodules as they appear. If there is localized 
persistent pain in the spine or pelvis, treatment 
should be given before roentgen signs of metas- 
tasis appear. Recurrence in the other breast oc- 
curs chiefly in young women and it does not 
make the prognosis particularly worse.— 
Audrey G. Morgan. 


Leucutia, T., Wirwer, FE. R., and BELANGER, 
Georce. Late results in benign giant-cell 
tumor of bone obtained by radiation therapy. 
Radiology, July, 1941, 37, 1-17. 


Formerly when giant cell tumors were con- 
sidered true bone sarcomata the chief method 
of treatment was surgical. Since it has been 
found that they are benign roentgen treatment 
has become increasingly popular. 

The authors study 33 cases treated at Harper 
Hospital, Detroit, from 1923 to 1935. A table 
summarizes the cases. In.the first series from 
1923 to 1929 curettage and ‘postoperative ir- 
radiation were used. Amputation eventually 
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had to be performed in 3 of these cases and 1 
resulted in sarcomatous degeneration and death. 
Of the 18 cases treated by irradiation alone after 
1929 good results were obtained in all. They 
conclude that irradiation is to be preferred to 
surgery because it is simpler and does not harm 
normal tissues. With surgery there is danger of 
infection, the trabeculation of the bone is de- 
stroyed and reossification is delayed and the 
trauma of surgery may lead to malignant de- 
generation. These dangers are absent in radio- 
therapy. 

When giant cell tumors were considered true 
neoplasms there was a tendency to give large 
doses of irradiation; now that they are known 
to be processes of inflammation and repair 
smaller doses are given. In the authors’ cases 
treatment was given with 200 kv. equivalent 
(1 mm. copper forefilter). The initial dose was 
about 70 per cent s.u.p. reduced by about 10 
per cent per series until treatment was com- 
pleted. The full series was given at a single 
treatment, several fields being used for purposes 
of cross-firing. The series is repeated after two 
months and at gradually increasing intervals 
thereafter; the average time required for treat- 
ment is two years. With children smaller doses 
and longer intervals may be used: 50 per cent 
s.U.D. initial dose, three-month interval before 
the second series. 

As the use of plaster casts after treatment led 
to demineralization from disuse, their use was 
discontinued. The patient is allowed to use the 
limb with crutches and cautioned to be careful 
in order to prevent fractures. The authors 
recommend radiation therapy as the treatment 
of choice in all giant cell tumors and related 
cystic bone conditions. 

In the discussion Dr. Dickson objected that 
the authors had compared modern roentgen 
treatment with outmoded surgical treatment. 
He said their objections were valid in regard to 
curettage and the use of escharotics but did not 
apply to curettage and filling the cavity with 
bone chips, which is the modern surgical 
method. 

Dr. Lenz said that giant-cell tumors around 
the knee were apt to be osteogenic sarcomas and 
that these should be operated on, 
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Dr. Newell said that in osteogenic sarcoma of 
the knee there was little chance of saving the 
patient’s life by amputation and that with 
roentgen treatment there was much less danger 
of leaving severe deformity. 

Dr. Leucutia said in closing that he did not 
want to give the impression that surgery was of 
no value but that even if a tumor of the knee 
were osteogenic sarcoma it was apt to be of the 
osteolytic or telangiectatic type and in these, 
too, roentgen treatment is indicated. If there is 
any doubt as to diagnosis a biopsy should be 
taken.— Audrey G. Morgan. 


MISCELLANEOUS 


Wixson, C. W. Some geometrical methods of 
projecting dose contours. Brit. ¥. Radiol., 
Oct., 1940, 73, 345-350. 


The author describes a geometrical method of 
determining the distribution of radiation due to 
a single beam in any plane, no matter what the 
relation of the plane to the central axis of the 
beam. The explanation is illustrated by the 
isodose curves for the principal plane, that is 
the plane containing the central axis of the 
beam, and planes parallel to it and at distances 
of 1, 2 and 3 cm. from it, as these are the ones 
most commonly needed in practice. The method 
is perhaps more tedious than that with May- 
neord’s dose-contour projector but it may be 
useful in departments where the latter is not 
available. It is simple as it requires only the 
usual drawing instruments and materials.— 
Audrey G. Morgan. 


Binks, W. A nomogram for the determination 
of lead protection against high-voltage x rays. 
Brit. F. Radiol., Sept., 1940, 13, 322-323. 


A nomogram is given for the determination 
of the amount of lead protection needed against 
roentgen radiation for voltages from 200 to 
3,000 kv., for tube currents between 0.5 and 
30 ma. and for distances between 0.5 and 10 
meters when the tubes have reflection type 
targets and constant potential excitation. The 
method of using the nomogram is described.— 
Audrey G. Morgan. 


